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Preparation and Care of the Area
Postrema-Lesioned Cat

A.L. CHEDESTER
A.C. BAKARICH
B.M. RABIN
R.E. BANKS
C.L. HADICK

Armed Forces Radiobiology Research Institute
Division of Veterinary Medicine
Bethesda, MD 20814

Abstract The area postrema (AP) is being widelv studied to delineate its role
in such varied functions as blood pressure regulation, conditioned taste aver-
sion, water and energy balance, and radiaion-induced emesis. This paper de-
scribes the preoperative preparation, surgical protcedure, and postoperative
('are of cats kept long-term in which the AP was lesioned by electrocauter'. A
dorsal midline approach trider gas anesthesia allowed access to selectively
lesion the AP. Cats Jul"v regained consciousness the same day and many be-
came homeostatic within 24-48 h. Results of experiments using this model
demonstrate the usefulness and effectiveness of the technique for model prep-
aration.

The area postrema (AP) is a small circumventricular organ located near the junc-
tion of the 4th ventricle and the spinal canal.' 2 It is recognized as an emetic
chemoreceptor trigger zone. 3

,
4 and has been studied for its role in widely varied

functions including blood pressure regulation. 5 cond d taste aversion, 6
-
7

water and energy balance,8 and radiation-induced emes,
Previous descriptions of the preparation of AP-lesio:. ,nimals have given

only brief coverage of the preoperative preparation, surgical procedure. and post-
surgical care. '0 "11 This technique was developed during the preparation of 31 cats
for AP studies with three primary objectives in mind: to minimize the pain or
stress experienced by the subject animal, to reduce the number of animals re-
quired for At- studies, and to increase the success rate of !he preparation for more
valid. consistei research subjects. An evolution of improvements in anesthesia.
surgical technique, and postoperative care occurred during the course of this

I hi, .,vrk w', suppoorted by the Armed Forces Radiohiolog Research Institute. De-
fense Nuclear Agency. under %.,.,k ,.,*:; B41 "I, Viewks presented in this paper are those of
the authors: no endorsement by the Defense Nuclear Agei.,n h',,-  c.' P,,en or should be
inferred. Research was conducted according to the principles enunciated in the Guide for
the (art' and ULe of Laboratory ,4nimals, Institute of Laboratory Animal Research. Na-
tional Research Council, NIH Pub. No. 95-23.
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254 A.L. Chedester c. al.

study. This report describes the preferred approach for successful development of
the AP-lesioned cat.

Materials and Methods

Thirty-one purpose-bred cats a (Felis domesticus) of either sex, weighing 2.0-5.5
kg. were quarantined for 2 weeks on arrival and screened for evidence of disease.
All cats received a thorough physical examination, including hematology, parasi-
tology. and serum chemistries. The cats were maintained in an AAALACb ac-
credited facility in stainless steel individual cages with litter boxes and resting
benches. The cats were provided commercial dry cat chow and tap water ad li-
bitum. Animal holding rooms were maintained at 21 ± 2 0C, with 50 ±t 10%
relative humidity, and 10 air changes per hour of 100% conditioned fresh air. The
cats were on a 12:12 light/dark full spectrum lighting cycle with no twilight.

An electrocautery unit" with a variable current control was used with a fine
wire-tipped, insulated hand probe to cauterize the AP. The unit had control set-
tings from I to 10. When cauterizing the AP the control was tested at each use,
but was consistently set at slightly below I.

A standard small-animal minor surgica, pack 12 was supplemented with instru-
mcnt.s shown in Figure I. The retractor/elevator was fashioned from a strip of
surgical steel 7 mm x 18 cm x I mm. The ends were ground to widths of 2 and 3
mm, their edges rouided, and the tips bent as shown.

Food was withheld after 4 p.m. the day preceding surgery, but water was
proided through the night. Preoperative medications provided the morning of
surgery included ampicillin (6.6 mg/kg im), dexamethasone (2.2 mg/kg im), and
glycopyrrolate (0.011 mg/kg sc). Anesthesia was accomplished using halothane
gas delivered via a face mask. The animals were then intubated and maintained
on 0.75-1.5% halothane in 67% nitrous oxide and 33% oxygen.

Once anesthesized. the hair was clipped from the surgical site and the cat was
positioned in a stereotaxic apparatus with towels placed under the sternum to
relieve all the body weight from the ear bars (Fig 2). An esophageal stethoscope
was placed to monitor heart rate and respiratory characteristics. An ophthalmic
ointmentd was placed in each eye and the surgical site was prepared for aseptic
surgery.

A midline incision was made from just rostral to the external occipital protu-
berance caudally to the level of the third cervical vertebra. The fascia joining the
superficial cervical mucles was incised and the muscles were separated. A
blunt-pronged Weitlander retractor was used to provide access to the deeper cer-
vical muscles (Fig 3). The deep cervical muscles were incised on the midline over
the occipital and atlas bones. Care was taken while incising the deep cervical
muscles to avoid incising the dura mater overlying the cisterna magna. The peri-
osteum was elevated from the occipital bone using a periosteal elevator. A cross-

oLiberty Laboratories. New Jersey.
'American Association for the ,ccrediatation of Laboratory Animal Care. Bethesda.

MD.
'Uvigi Electrocautery. Model 200, Series 183, Geiger Inc, Philadelphia. PA.
4Bacitracin-Neom cin-Polymyxin Ophthalmic Ointment, Pharmaderm. Melville, NY.

Im m m m a m ama m mm



The Area Postrema-Lesioned Cat 255
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Figure 1. Special AP surgical instruments included A, iris forceps, 4-in., half curved; B,
Nugent utility forceps; C, Roboz dura twist hook; D, Von Grafe cystotome; E, cross clamp
retractors: F, Stevens tenotomy scissors, 41/2-in.-long, straight, blunt points; G, combina-
tion retractor/elevator.

clamp 4 /-in. blunt-pronged retractor (oriented 1800 from the Weitlander re-
tractor) was used to retract the deep cervical muscles.

The spine of a No. 15 scalpel blade was used to scrape the attachment of the
dura mater from the occipital edge of the foramen magnum. This allowed the dura
to retract from the edge of the occipital bone. The 2-mm end of the retractor/ele-
vator was used to separate the dura from the inner plate of the occipital bone by
using delicate semicircular movements. The dura was detached from the occipital
bone a few millimeters at a time. A rongeur was used to remove the stripped
portion of the occipital bone. At the tentorium process, the rongeur was placed at
such an angle that only part of the thickness of the process was taken in each bite
(Fig 4). Upon completion, the occipital bone defect was approximately 1 cm wide
and extended from the foramen magnum to within 3-4 mm of the external occip-
ital protuberance (Fig 5). Strict hemostasis was achieved using bone wax and the
area was rinsed thoroughly with saline. The posterior cerebellum and dorsal
aspect of the brainstem could be visualized clearly through the intact dura mater.

The dura was incised by using the Roboz dura twist hook to elevate the dura
over the cisterna magna and making a stab incision with a No. I I scalpel blade.
The incision was then extended cranially and caudally with a pair of tenotomy
scissors. While incising the dura over the vermis of the cerebellum, careful lifting
of the dura with the lower jaw of the scissors separated the dura and vermis and
prevented bruising or cutting of the vermis.

Once the dura was incised, a stereoscopic operating microscope (4-6 x ) was
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Figure 2. Proper stereotaxic positioning for AP surgery. It is important to maintain a very
stable position of near maximal flexion of the alantoccipital joint to provide adequate visu-
alization of the area postrema. Access must be available to the anesthetist to monitor vital
sign%.

positioned over the patient. The 3-ram end of the retractor/elevator was used to
gently elevate the vermis. The caudal medullary vellum then became apparent as
a thin film. For the most part, it pulled apart as the vermis was elevated. Thicker
strands were cut using a 4-3/4-in. Von Graefe cystotome with a l-ram blade, taking
care to avoid blood vessels. Elevation of the vermis exposed the tela choroidea
which was incised using the cystotome. The cerebrospinal fluid (CSF) was
sponged from the fourth ventricle using dental sponge spears or prewetted.
squeezed, and shaped 4-ram-diameter surgical cotton pledgers.

After the CSF was removed, the AP was visualized as a gray/tan, slightly
elevated, wing-shaped structure on the ventrocaudal wall of the fourth ventricle,
extending bilaterally from the obex for 2-3 mmn (Fig 6). Vascularization of the AP
was much mt~re prominent than in the surrounding tissue. Prior to cauterizing the
AR, one or two prewetted and squeezed 4-ram-diameter cotton pledgers were
placed between the fourth ventricle and the cerebellum to elevate the vermis and
absorb CSF coming from the cerebral aqueduct.

Following a method demonstrated by Borison, 4 the electrocautery was set
such that the tip did not become red hot but just barely produced a slight pinpoint
"'tanning" when touched against muscle. The cautery tip was then carefully
swept across the AP until all parts had become denatured to the desired degree.
Generally, one controlled pass was satisfactory for lesion creation. Control sub-
jects were prepared identically to the AP-ie,,ioned animals except the electrocau-
tery tip was not heated while touching the AP. To allow some intraoperative esti-
mate of the AP damage effccted by cautery. a grading system (0 to 5l was de-
veloped by the authors, as shown in TFable 1. Although subjective. this provided a
means of estimating the extent of the lesion intraoperatively. With the cautery tip
set as described, one slow pass over the AP created a grade I or grade 2 lesion.

--- . =*w mmmn n a n N a N H B Inil in x
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Figure 3. AP surgical field: superficial level. The handles of the Weitlander retractors are
oriented ventrocaudally. while those of the cross clamp retractors are oriented dorsally. A.
cross clamp retractors: B. occipital hone: C. dura mater overlying the cisterna magna: D.
deep cervical muscles: E. superficial cervical muscles: F, skin: G. Weitlander retractors.

Three or more passes were required to create a grade 5 lesion. Histopathologic
features of lesions created have been previously described by Rabin et al. 67

After cauterizing the AR, hemostasis was checked, cotton pledgets were re-
moved, and the surgical area wa, flushed gently with saline. The incision through
the dura was left open. The first layer of closure included only the deep cervical
muscles, while the second layer included superficial cervical muscles. Both
layers were closed with a simple continuous suture pattern using a synthetic ab-
sorbable suture with a swcdged-on atraumatic needle. The skin was closed using
an absorbable suture with a svcdged-on reverse cutting needle in a continuous
subcuticular pattern. The anesthetic gases were removed and the animal was left
on llKYI oxygize for 5 min before returning it to room air.

The cats were extubated as laryngeal reflexed returned. They were placed in
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A}

B
Figure 4. Rongeur angles during AP surgery. It is important that the angle of the rongeurs
be rotated to bite through only part of the tentorium process of the occipital bone or
bruising of the cerebellum may occur. (A) Rongeur angle at the foramen magnum: (B)
rongeur angle at the tentorium process.

their cage when they could maintain sternal recumbency. During recovery an
anti-inflammatory ointmente was applied in each ear. Supplemental cage heat
(40 'C) was provided via a recirculating hot water blanket and withdrawn when
the cat's rectal temperature remained 38.6 _ I 'C for 48 h.

Postoperative medications included ampicillin, dexamethasone, and when in-
dicated, butorphanol tartrate. Ampicillin (6.6 mg/kg) was administered twice
daily for 6 days. It was given im until the appetite returned, and was then given
orally. Dexamethasone was administered once daily as an im injection at a rate of
2.2 mg/kg for 2 days postoperatively, followed by 1.1 mglkg for 2 days. Butor-
phanol tartratef (0.055 mg/kg, sc) was provided at the first sign of discomfort.

The remaining postoperative care involved monitoring the rectal temperature.
food, and water intake. Cats that were anorectic 48 h after surgery were given
20-50 mL of a 3:1 mixture of water and a high-caloric liquid food supplementv by
gastric gavage twice daily.

Results and Discussion

With increasing federal, social, and scientific pressures to refine experimental
techniques and reduce the number of animals required in experiments, it was felt
that an improved technique could be achieved.

In the authors* experience, the use of pentobarbital anesthesia for AP surgery
requires mechanical ventilation during surgery, results in an extended recovery
time, delay- self-feeding, and retards adequate thermoregulation. Induction with
an ultra-short-acting anesthetic, such as thiamylal sodium 2.5%. and maintenance
on halothane gas will reduce recovery time, but may be accompanied by transi-
tory apnea. The use of halothane for induction and maintenance eliminates the
need for mechanical ventilation and significantly reduces recovery time.

'Panalog Ointment. E.R. Squibb & Sons Inc. Princeton, NJ.
'Butorphanol Tartrate, Bristol Laboratories, Syracuse. NY.
RSTAT-VME, Pharmacal Inc. Pensacola, FL.
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The cats generally regained laryngeal reflexes and were extubated 5-7 min
after skin closure, regained sternal recumbency within 20 min, and were able to
walk within 30-50 min. The cat,, were generally alert and active in the morning
after surgery and began self-grooning within 48 h. Four cats began eating the first
day postoperative, although most did not begin spontaneous feeding until day 2,
3, or 4. Two cats were observed to initiate self-feeding on day 5. Almost all cats
could thermoregulate normally witin 24 h, and none required supplemental heat
after 48 h. Except for anorexia, all cats were fully recovered within 3 days with
no discernable effect on locomotion, respiration, heart rate, behavior, or other
clinically observed parameters.

A total of 5 cats were lost during the entire study, all of which occurred early
in the development phase of this technique. Two animals experienced intraopera-
live death and three other animals were euthanitized following aspiration of vo-
mitus related to gastric gavage.

Objective determinations of pain or discomfort are difficult in the cat. We
monitored appetite, ataxia, scratching at the incision line, lethargy, eye squinting,
and head shaking. Analgesics were not generally required. Most cats were alert
and active by the morning following surgery. Analgesic relief was provided to
those few exhibiting signs of discomfort. Inflammation of the ear canals due to
the stereotaxic apparatus was minimal. Focal mild hyperemia nea; the external
opening of the horizontal ear canal was observed in a few cases. An anti-inflam-

-a
I b

ic

Figure 5. AP surgical field: deep level. The AP appears as a wing-shaped structure on the
posterior portion of the 4th ventricle, a. retractor/elevator: b, cross clamp retractors: c,
superficial cervical muscles: d. occipital bone: e, vermis of the cerebellum: f, floor of the
4th ventricle: g, AP
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Figure 6. Normal feline AP (arrows) extending anteriolaterally from the obex as a bilater-
ally symmetrical, wing-shaped structure. It is darker than surrounding tissue and more
highly vascularized. The posterior limit is well demarcated and centered in the obex. while
the anterior limits are less defined, blending with the floor of the 4th ventricle in a delta-
shaped pattern.

matory ointment was administered arid the hyperemia disappeared within 24-48
h. Inflammation around the surgical site was minimal. There were no cases of
dehiscence.

Early in the study the cats were fed a gruel of canned cat food and water by
gastric gavage. This frequently resulted in vomiting. We altered our nutrition reg-
imen and began using a dilute solution of a high-caloric liquid feed supplement.
Emetic episodes were nearly eliminated. For the few remaining animals exhib-
iting emesis, there may have been ,ome effect of the procedure itself upon emesis
immediately postopernively. The benefit of these fee'ings, compared to the po-
tentdl for complications due to inadvertent endotracheal ."stillation of feed mix-
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Table I
Intraoperative Grading System for Area Postrema Lesions

Grade Appearance

0 No lesion-control
I Slightly tan over most of AP
2 Tan to 'Irown over all of AP
3 Brown with occasional black tags

Brown with frequent blackened areas
5 Majority of AP blackened by cautery

ture or aspiration must be considered. An alternative approach might include ap-
petite stimulation using a low dose of diazepam intravenously. 3

In our experience, this surgery is most easily performed in subacalt males and
females weighing approximately 4 kg. Larger, more fully developed males tended
to have more extensive occipital aiploe requiring longer surgical times to achieve
hemos:asis. Although total hemorrhage was seldom more than 3 mL from the
entire procedure, time and total blood loss were both reduced if the opening was
carefully but confidently enlarged to its full size before stopping to achieve hemo-
stasis with bone wax. Cats smaller than 2.5 kg had corresponding smaller cranial
vaults, which made it more difficult to gain adequate exposure of the AP.

When the preparation and care of AP-lesioned cats is performed as described
above, the animals experience minimal to no apparent discomfort, but a consis-
tent difference in conditioned taste-aversion learning and radiation-induced
emesis is exhibited between AP-lesioned zats and those receiving the control sur-
gery.

6 ,7
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In vitro effects of teukotriene B4 (LTB 4 ) on canine PNN
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Abstract

T[he canine has become ant accepted research model for the examination o1 a number of' human clinical
conditions. D)espite it's Status ats at research model, little is known regarding the peripheral effects of
inflammatory, mediator substances. Products of arachidonic acid metabolism (leukotrienes) are reported
capable of altering leukocevie functions. Because of the emerging importance of the canine research model
and leukotrienes wec examined the effects ot leukotriene B,1 (Li 134FB) on several in Vpjtr, functions 01 isolated
canine peripheral polvmorphonuclear leukocytes (PMN . Changes in forward angle light scatter proper-
ties of' the cells were used ats one measure of PMN actition. Other functional changes examined
following LTB, pretreatment included chemnotactic capability, the elect rophysiologicalI state of the cell
plasma membrane, and the metabolic oxidative response (i.e. FLO02 production). Random cellular
movement of PM Ns increatsed by 12010 anjd 720 ,fol)lowNing preinicubation with 10 ' and 10 '" ,if I-, '1,
respect ively. LTB. between 10- and 10 I f did not significantly alter cellular resting membrane
potential. Potveen 10 -and 10 " M L-B., elicited significant levels of' cellular H.0, production.
Although Significant, 1-1,0 production was < 40'0 that induced by phorbol mvristate acetate PM A).
In numerous respects, canine i ri PM N responses parallel prev'ious reports Of human cell functionis)
in the presence of inllamimator\, mediators and mia\ represent an attractive alternatiw~ for investigation
of PM N d1 sfunctions.

~hbc~j~ion, NiN iiiI i, iphiiiiI~. k 1~..~ P \ Introduction

phati bcuittered '.i I tc. HIi C, high pert it imicc liqid i chtro- I hie ca nine, an attractive research model lo r at ntim -
nw~togr.iphxN HR\1. hKi~chinc raindiiitii mir.II.tii itiSS. iittk ber of clinical in\estii-,ations. has been used exten-
h,1iI11kcd jIlt ','itiitsi1\k in st udies of- dew lopmnental hemnatopoicsis,

)iipiricl h ili \riii cc.R~i'h i I ept ic shock. and immune phx siolog\. It kias our
WICi. I )Cieii~e NIIjC~ii \Vcric tiiiik' %%iik LItII, B-O 2)5 11d intent to investigatc functional responses. of canine
It 21 l\ ex plc~eciic III 111'p~tm tic III- ,Iic ith 1111c .~Ii,ii, peripheral PN sfilx n preincubation wxith
cttI I k itii )F )I h c I ic~c ICI'I tl. Iit~ A eICI', 11. hiciCll C 1.1lit. a it -k o i inflammnator\ modulator.
pIiNIple'i.' iiiiii)III (ci *iRC tr tic. ife't i, I, 1 Ni1\s rclprcsent the primar\ cellular elements, of'

I hll \iiiIppiidhi'it'ti''S it host (le IN~c and, as, such, constitute at signilicant
\1ii1i1iA Rc-,iir',' \,iiii,1 Recc,c ( 11 itI pIpOttIon l othe hosts circulatinge nonspecif ic in1-
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mune capabihines. I he gneral processles) h% \t hich Fetal bNo inc serum PIBS. fl '.lone Labs,. Loian.
PM Ns resrond 10 alterations of' horneostasis. or U I ( was heat-inacti ated (56 ( 00 minutes ) and
episodes of infecction, have heen collectis ely termned filtered (0-45 full) before use-
i nflammiation. Concept ual l inflammation con-
sists of' an orderly series ot: functional evrents in-
Cduding increased PM N atdhesixeness. diapcdesis.
chemnotaxis,. phagoc\ tosis afld production Of- an [Fight 1 2 \car old l-ira beagles (Canis famniliaris.
oxidativ e hurst. Because PM Ns are cadpahlC of' 10 12 kg") %%ere used in these experiment,,. D~ogs
Multiple fuLnctions. they are subject to numerous wkere quarantined oin arrival and screened for evi
serum-mediated and mnicroenk ironmientt inf11lu- (fence of' disease bef'Ore being, released to experi-
ences. The CICOSanois are metabolite,, of' arachi- ments. lDoes were L-_nneled in an AAALAC ac-
donic acid produced through either cvcloox\ ge- credited facilitv and provided commercial dogy
nase or lipoxvgenase metabolic pathwa,,s. and chiow. and tap water ad lihitio. Animal holding
the\ represent one class of importa-t inflammna- rooms \A~ere maintained at 20 C -- i C "iin
torx mediators. (lie leukotrienes. One of' the more SO",, + 10',, relati~ e humidity usina at least 10 air
effective eieosanoid PM N modulators, Is changes hour of 100') . conditioned fresh air. The
5(S). I2 R )-dih~droxs-eicosatetratenoic acid. leo- dogs were maintained on a 12 hour fighting cycle
kotriene B4 (I TB4 I which reportedly Modulates .kith no twkilight.
chemnotaxis I I S. adherence 16. 7]. aggregaion 11.
2, '8, 91, degranulation [I ). I I], and oxidativec me- 1,7B
tabolism 112 ISJ. Unfbortunael ,v. x'e little is i)
know-n of' LIB,'s effects on canine PMNs. I:VB, in a stock solution of' methanol wAas the gen-
Because of the ph~ sological and inflammatory im- eraous gift of- Dr. J. Rokach (Merck-I- rosst Labo-
portances of' I.TB4 . wec examined its in vitro abili- ratories. Pointe Claire-Dorval, Quebec. Canada (.
ties to actm\ ate and alter the ini vitro functions of' Aliquots were evaporated tinder nitrogen and
canine PM 1Ns Including chemnotaxis. resting m]em"- resuspended in appropriate assay media. Puirity of'
brane potential and oxidafive burst capability. The the LTB, stock was routinely monitored (2) b\
sensiti\ ties of canine in itro PM N functions to reverse-phase high-perf'ormance liquid chromato-
LU-B, were compared to those induced by phorbol graphy dIPLC). A Beckman HPLC system with
mvrmstate acetate (PMA). a potent modulator of an Ultrasphere C-18 column. 4.6 x 250 inn. packed
numerous P\1N activities, wkith 5 pmr particles was used. The solvent system

w~as met hanol; waitter: acetie acid (70:30: 0.01,
v : \v v) adjusted to at pHi of 5.7 wvith ammoniutm
hydroxide, and eluted at a flow rate of' I ml

Materials and methods minute. LTB, solutions, based on UV (280 nm

Reagenoi ,.kwvelength) detection methods, wxere f'ree of con-
taminants and deeomposition products.

Reagents used wAere phorbol myristate acetate. di-
meth'. lsuilfbx ide (Sigma Chemical Company. St. PAI isol/ationm
Soiiis. MO). Hanks* balanced salt solution
(H BSS.). rhosphate-buflfered saline (PBS). H EPES Peripheral blood wNas drawn from the lateral sa-
buffer, and tr~pan blue (Grand Island Biological phenous vein of' canines into syringes containing
CompanY. Grand Island. N't(. dfieblorofluorescin preservative-free heparin (0 U ml)). Blood %%as
diacetate (DCI- H-DA. Eastman Kodak Company. washed in HBSS Without Ca*' and Mg'*
Rochester, NY). amnmonium chloride (Fisher Sci- (400 x g. 10 minutes. room temperature). Contain-
entific. Silwer Spring. M 1). propidium iodide (Cal- mnating red blood cells (RBC) wkere lvcd with
biochemn. Lalolla. CA). and IDioC5( 3) (.Molecular ((.83%o NH-{C1 (1(1 minutes. 4 C). and the leu-
Probes, Junction City. OR). Stock solutions of koc~tes were pelleted. The leukoexte pellet ( > 85".
DIX[H-l)A (S mA!l) and IDiOC5(3( H1 mMf) were PM Ns) was minimally resuspended in H BSS wvith-
stored in) absolute ethanol. PMA was dissolved tin out Ca ' and Mg *' and div ided into aliquots for
dimethvlsulf'oxide at 0.01 Al and stored at 7(0 (C. chemnotaxis and flowv c~ tometric anal~ sis. Wright-
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staincd blood smears %crc prepa red for di Ileren- I'Ml N s tI1) cell I))l) resuspended n I) j!ucosC-Sup-
tial and nmorphol02Cial examin11ation) s). Complete plemented (I Ing inh It 11SS. x crc incu bated %% it h
blood counts wecre ohtaincd b\ auttomated analysis I)) - If 1)0('5)) for I1) minutes a1 17 C I he
\%lodcl S 2. C oulter Flectrories. Hialeab. F resultant cellular fluorescenlt spectra kere sia hle

for 30) minutes it' cells %kce inaintained at 4 C.
( J (el k 'ere then stimulated %wih P'MA (10(0 ncz ml)

x-i~ti~\c~i*to demnst rate Imam nil mem bhrane depolar-
C henotact ie capabili tics of PM N s kkerc Ck all uatd I/atiOn. or with var\ inil concentrations of LI 134

Il uILant tati ne thle eClls that Migrated through it f1k 7 in nutes at 37 C. Changes in resting mcen-
II) pm--thick pol\carbonate mnembrane. A 48-k cli brane potential (t -0I minutes) wkere anal\ zed flov~ -

inicro-checinotasas c:ha mbe r assembl\ I Ncuro t, IomIneI i calIlIv on at i-FA CS A naiIw e r n tecrfki ccd t o a
Probe Inc.. Bethecsda. MDl) \% as used as described Consort 31) computer s~ stem I (Becton Dickinson.
by Harxatth et ai. [16]. Lower wkells received media. Sunn]lelZI. (Al. Green fluorescence was nioni-
chemioattractant (I lu100 dilution Of 7yrnosan acti- tore') ho''.xe ten 5;15 and 545 rim after excitation by
\ated plasmia) orITB bet ecu I0 - and 10) - At a mercurk arc lamip equipped wkith a 485 22 nm
L ' 1pper s elk recei\ ed 50) p1 of' a Cell Suspension at excitation -lter. PM Ns \%ere distinguished from
2 X 10" llHs 1ml. Chambers were incubated at 37 C otherI clular tykpes based onl coulter volume and
In at hum11di lied en i ronment and gassed wkith i ,) righit angle light scatter properties. Cellular viabil-
(CO, and air for one hour. Filters "~ere fixed Il it\ \%ias assessed bs \ital dye, exclusion oft trypan
I 10 m1iethanol and stai ned with Dif'-Quick bluie or propidiumi iodide.
hl-iseher Scientific. Silver Spring,. %1D). Seven
hiiih-po er ( 10)) x ) imicroscopic Fields, across the
diamecter of the k\ell. w~ere examined and the mecan Itio '11O 14,poilo
Cellular migera tion field hour determn-ined.

11LO, production w~as measured as described pre-
k iously b\ Bass et al. 17]. DCFI--DA. at nonpolar.

1How(I i~'nutrj, anau/i.s o/ PAJ\ lihm~i Mol ter nonfiLiorescent compound, diffused through cell
1'O( perth membranes and wNas hydcrolyzed by cellular ester-

aISeS to non1fluorescent. intracellularl\ trapped.
Light scatter properties of thle PM N we,-re analyzed 2'7'ilorol '''e (DCFH. The .H, 0 ro
onl at Coulter LN~CS 541 flow cytometer C Hialeahl cdlrurscl . .poduced by actixated PMNs oxidizes DCI-I- to theF-LI equipped \kith at 2 WV argon ion laser emnitting furset aaou ''dclrtursi
200) ION at 488 nil. Cells isolated as describekifurset i1,11Iu -. 'dclriursi

aboke~~~~~~ ~ ~ ~ ~ wr eupncinPSsplmnd DCF). PM Ns (I10" cells ml) w~ere incubated with
abov were resuspende in PBS supplemented ih0.',

with 0.2",, FBS. Cells were equilibrated at 37 C 'MDF-Ai B uplmne ih12
for s mnuts ad aalwe hvf~m c~orntrk FBS for 10) minutes at 37 (C and stimulated wkith

fror 1 o minute a'lon a nLx edb y lo x kk to -ntr P f M A HI)00 ng- nil) or \var\ inc concentrations of

I-l-B. for 5 minutes at 37 C. IPMNs we-re distill- I--,(7U 5mnts.D, cs"r na
'~' Irm ~' d cel ' ~sured by 1lowv evtornetry of at FACS anlalyzer asgumshed frr otermononuclear celltps. BiCs.dsrbdfrmmrn peta.Pretcac

and Cellular debris based upon their characteristic decidfommbaepntl.Prnthng
[Orkar-alglC(10, agleligt catter) and rich)- in) intracellular H ,0, prodtiction xk as determined

angle light scatter properties. ktlfIOloigorua

Mean Fluorescence Intensitk (FL).
control Mcz!-n F-L. experimenital

Ifil,111-alc ptental 00 x- Mean F-L control
,Alterations in membrane potential were deter-
mined bx measuring changes in the intracellular
concentrations of' !iOC) ) a lipophilic dye that
diffuses through cell mnembranes. Cellular fluores-
cence intensity varies ats aI function of' membrane All data are presented as. thle mean + standard
potential. decreasing ats the memnbrane depolarizes. error. Statistical diffe~renes were determined bv
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anal\sis (if \ariance sith Duncan's test between i . -"en br I Ii'~~ II~~r 1 t-- 0Orn,n
Means for repeated measures. P alueS < 0.0 %ere E 2001- 1 0 ... in

considered statisticallk significant. z00

Results o 1o0

PI.V light Scatlcr Properties: Figure I, Table I

B\ monitoring light scatter properties (i.e.. for- 0, 0 20 256
ward and right-angle light scatter), changes in PMN Forward Angle Light Scatter
morphology can be quantitatively assessed. For-

Figure I
ward angle light scatter was examined before and Repreentamic histograni of lIrs. ard angle light ,caller of

after addition of [.TB. Figure I depicts a histo- PMN, prior to = i. and toloiming incuhation Aith I0 " if

gram of the normal light scatter distribution pat- Lt Bf I at 37U I he 1,itograns represent cell number (or-

tern representing the loss of forward-angle light a inar 25 haInnt, l lorsard angle light ,carter lahessai on

scatter following incubation of PMNs with
10- M LTB,. Mean channel loss for control
PMNs. incubated without LTB , was 6.50+2.13.
Table I demonstrates the mean loss of forward- ' ''' I f

angle light scatter following incubation with 10 - " LTB4
to 10 -5 LTB,. The mean loss of forward-angle T =15"
light scatter. a dose dependent response. was max- Control ,
imum at 0" M (35.88 + 6.05) loss of mean chan- T
nel numbers. No changes in the right angle light E PMA
scatter properties were observed following LTB, z T = 15"
incubation (data not shown).

Table I
I ffet 01 L I B. on 'orviard angle light scatter profiles ti canine 100 10 102 10 3

P'M N',

Fluoresence Intensity(oncentration Of.) loss tif mean channel number Sf Ni Figure)______________________________________________ Figure 2

Control 650 _ 213 I listogram representing (he tluorescent distribution patterns of

Il) 30,69 4.11 resting. PMA (10 ng mli), and LTB4 (1o "A) stimulated

I 15 55_ 6.0 PMNs. (ells preincubated ,ith DCFHI-DA lr I0 minutes were

I . I)t 24 14 _ 2.47 timulated s.iih either PMA or "TB4  lor 1 mninulesat 37 C The

I In 1 11 3 ) histograms represent cell number (ordinate) as a flunction ol huo-
rescence itttensit lbscissal from lOlifiO e.entts.

Table 2
(eneraion of mintracellular -If.()I in canine I'M Ns fl oom g 4tntulation ,with either PMA or I.TB 4 .

Stidmulu (oncentration \ ean FI intensi is Increase tlO, productimn
( I( W)

0 min 15 mitt

P .hI0 fig ml 147 o ii ',4 S7 i 3.04 1.,M1 _ I1)5

I IH il) - % 46X 0 18 2 6.414 22 4 76 +0.26"
I)r tt 445 0,26 231 I 1 s7 449 4 052*
Ii) t 4.64+019 1041 1 1 22 1 2. -o till*

2o tf 457 1 I 19 ii 25 Iil2 t 29 4 0 10 *

p - Ill com pared ,isth tt1l;iti01 \%ih 10i) fig tn' l'MA
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ll,0,.fU'Ar'fU)I Figure 2. Table 2 (heioajs: [Fable 3

Effects of LI'B, on cellular HO, production are (hemnotaxis to LFB, was examined bctween 10
shio)%n in Table 2. H,O, production, maximal be- and 10- M . The highest concent ra tions. 10- M
tween 10- and 10- 1-l LTB,, was <40% of the and] 10 M. induced cellular migration,, which
maximal PMA response. Figure 2 shows the fluo- were I120"'. and 72"% (p <0.05). respectixclv., over
rescence: histograms of unstimiulated U = 0 min- baseline random migration values (Table 3).
utCS) l'MINs and those incubated with either LTB, (ihemotaxis to concentrations between It)"
(10 ' .f1 or PMA (1t00 ng ml). This comparison a nd 10 ,Vf res ulIted i n a 2V0o_ 36% i ncrea se
with PMA was established since maximum HA,0 over baseline random migration.
production. without loss of cell viability, was
achieved with 100 ng ml PMA. Vital dye examina- Membuirane Potential changes: TFable 4
tion of cells after PMA or LTB, treatment demon-
strated viabilities >95%. At, or below. 10-' M A Levels of LTB, between 10- - and 10- '" M did not
LTB4 . H,0, production was negligible. A uni- significantly alter the PMN resting membrane po-
formly responding single population was apparent tcrntial(s). Loss of cellular fluorescence intensity
with increasing levels of' LTB, stimulakion and no (indicating membrane depolarization) following
unresponsive population(s) were discerned based in vitro LTB4 incubation, was generally < 20%, of
on gating parameters used. the PMA response (Table 4).

'tabl 3
Comparison oit the eilects of L.TB, on canine PMINN cheinotaxis Discussion
%ith .'~ mosan jell a led plasmia LZAP)-

Stitiuu~- I nflammatory proc..sses are complicated by the
S~nl1oncentrailon Cell IlrE 1 St- I mediation of numerous endogenous factors. PNINs

Media 40.01± 1.3 have been identified as both a source and a target
/A P 1 x10 232.4 -6.7 of inflammatory factors [IX]j. Inflammatory re-
I TB4 I il 108.4 + I .5 sponses can gnrlybe divided into two distinct
[LI B4  I , o 7X + 2.0 pha s the first phase involving PMN efflux. and
L IIII I ,l 5o 4.8 + 2.3 the second, direct effector cell interaction at the
L. I B I , toIC 48.0 + 0.9 infiLmmation site. The first phase requires directed
I I B4 ~ I ,to-, st .2 + 1. 2 movement of PN4Ns and is operationally and func-

1, .z 01.OS%4 hen comipared io control (medial. tionally necessary for successful resolution of in-
..\erage nunmher ofccells which migrated per high posser fied flammation. Chemotaxins. which provide the gra-

Il tPI-.dients necessary for directed migration. are likely

'Fable 4
Altieratitons in ithe ic~l Ing mnembrane potenial ofI canie I'M N follow\ing stii ulation w ith either PM A or t.T B,

Stimulti, concentration Mean 1-1- intensiN I _ S) toss of Ft intensit% Io

0Ii mm 7 mmi

PM,\ till)0tg nil 38.76 + 1.4 8~5 1 51 33.3 1 S.4
I l 4  t0 Ml 390, 1 S9 16 71 1 It .7 + 1 211

ilo .f 17,93 7: L.67 35.27 + 1.40 7.0 -f II X
ito ,i 36 19 _1.91) 1;,.15, 1 94 3. 7 40 13 3
ill 12 t 39.s2 t 0l 601 37.33 o,1146 5. 1 A. *

p -- 1111 Of hen compared ss ii h PM N stsim ulatled ss it 100( ng mil P'M A
toss oft 11 i nten'iis indicates inem bra ne depolartiattoit
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to activate circulating PMNs at low concentra- the criteria for receptor designation, including
lions. One important class of inflammatory media- Sctchard analyses to quantitate high affinity
tor substances are the leukotrienes [19], produced binding sites are in progress.
by stimulated PMNs and monocytcs [20]. Leuko- Inflammatory response patterns may be con-
triene B, (LI'B,). an important inflammatory leu- centration-dependant. Low agonist concentra-
kotriene. modulates PMN calcium metabolism, lions may stimulate selective cellular function(s)
chemotaxis, adherence and degranulation func- while higher concentration levels desensitize low
lions 121 24]. LTB. induced altcration in PMN lecel responses and order higher level dependent
accumulation have been describd in rabbit [25, responses. LTB, has been reported to be a nano-
26]. guinea pig [27]. human [281 and rat 11]. In- molar inflammatory chemotaxin [33. 34] in rats 11,
flammatory exudates of LTB, foilowing the subcu- 2]. rabbits [32, 35], cats [5], humans [2, 4. 6, 10]
taneous implantation ofcarrageenan-soaked poly- and, as reported here for the first time, dogs. LTB,
estersponges have been correlated with PMN infil- is a dose-dependent modulator of human PMN
tration rates in rats. LB.14 in the inflammatory aggregation [2] and, between 10 and 10t I,.
exudate was determined to alter aggregation, che- lTlB,'s effects are comparable to C5a or IMLP
motaxis, and degranulation functions in vitro [II. induced chemotaxis in rat, guinea-pig and human
PMA has been widely used as a reference standard subjects [3]. Threshold concentrations for LTB,
for the investigation of n.imerous PMN cellular induced human PMN chemotaxis are in the range
functions. In comparison to the induction of su- of 10 "1 [32, 33, 35]. The threshold concentra-
per'.ide anion by PMA. LTB, has been described ii for canines approached significance (p=0.0 71
as a weak metabolic stimulant [14]. Previous re- at 10 " ,1 and at 10 - A1. LTB, induced maxi-
ports of human PMN degranulation have demon- mun canine chemotaxis (p<0.05) in accord with
strated LTB, to be 35 0 50% as effective as the previously published human maxima (10 - 6 to
receptor mediated resonse to fMLP [I I]. Canines 10 - " M) [6, 24. 33. 341. These findings confirm.
appear unresponsive to f-MLP, reportedly due to a and extend, the ability of lipoxygenase products to
lack of fM L1 receptors [29]. so its use in the in- mediate PMN functions and also demonstrates the
vestigation of LTB, priming or other receptor de- considerable similarities of human and canine
pendent mechanisms remains to be determined. PMNs to the effects of LTB,.
Our investigations, based on the intracellular pro- .TB4, in comparison to PMA, has been reported
duction of 1-,O, concurr with LTB4 's character- to be ineffective in depolarizing human PMNs [36].
ization as a weak metabolic stimulus. At high con- In the canine model, LTB4 was likewise ineffective.
centrations LFB induces <.40% of the H 20. in- PMA's ability, and LTB,'s inability, to induce
duced by PMA stimulation. At concentrations PMN membrane depolarization, are interesting
below 10- " if. LTB, does not stimulate super- since the calcium iontophoretic ability of LTB, for
oxide anion production in human PMNs [15]. Sim- PMNs has been well documented 137]. LIB 4 's abil-
ilarly in the canine PM N. there was no oxidative itv to induce an oxidative burst (increased produc-
burst (i.e. HO) produced at concentrations of tion of HO,) in the apparent absence of mem-
llB 4 < 10 I. brane depolarization might infer that depolar-
LT1B may perform as a primary agonist or as a ization may not be a necessary antecedent to oxi-
cellular prining agent. LTB,'s role as a cellular dative burst induction. L.TB 4 induced activation
primer is undoubtedly complex and would require signals in human PMNs are reported to be very
examination in the presence of other inflammator short-lived [ 14] and our inability to detect depolar-
cvtokines. LTB4 has been reported to enhance the ization(s) may be due to technical limitations. Met-
human PMN's oxidative burst to FMILF' but not to aboic (i.e. l-,(),) and chemotactic changes were
PMA or zymosan [13]. Conversely,. exposure to greatest bet,, cen 10 " Il and 10 Al LIB4 . ith
1II, resulted in significnt decreases in PMN ag- little significant effects below these doses Al-
gregation and degranulation [8]. Huinan [34). 311 though membrane perturbations should concep-
and rabbit PMNs [321 bind LIB. We have prelim- t uall, ocur at lo\%er concentrations, none A ere dc-
inary data indicating titat canine PM Ns may also tccted within this report. Lcukotrienes are natural-
specificall hind 1.1 B4 (data not shown). Further lx produced and nla exist in locall% high concen-
characteri/ation of this hindine site. to meet trations. (oncentrations used in this protocol ma\
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mimic the high localized concentrations produced the onitsus rssjssu.se apparat. J. Lab h'in. Med. 106,

in iio during an inflammatory event. 13;2 1401 (19051.
reportd her LT B nduce rpho ogic (1011 R. N1. I Palmter and 1). A. Yeats. lbs'Aoir'ii' B A potent

Asrpre ee L Bidcd mrphlgia , hcsissrasrs V( 's'it olid A5I50Iu/. tor lItsmolp,1ssnse/ ri: sacar'-

chanizes modulated the oxidative burst capability ui fi o- huniseit Picutrphits 'IM N,. Br. J- Pharmacol. -3

of PMNs in at concentration dependent fashion 260 261 (198(0

without altering the resting membrane potential of [111 S. J. Feiinark, J. A. Lindren. HI. F Ciaesson. C. Maltnsten
and B. Sarnuelsson. S2timaulation olh luniat iek~ si s'degranu-

the cell. Due to the numerous levels at which LTB, hat..ui i l eukisiri'sis B, and its oi L.idizs'd msetabolites. FEB6
may exert regulatory effects. its mechanism(s) of L~ett. 136. 141 144 (1981 ),
action, in rcgard to PMN dysfunction(s) and host 1121 T. F. Rollins. B. Ranolari. M. S. Springer, Y. Guindlon. R.

susceptibility, deserve further, carefully controlled. Zamboni.C. K. Lau and J. Rokach. ithijieij usikoirient, 84
in ye t iCatio and analsis. urthr, itappers 1 11 Potent chsemosein but a w'cek .ss'rs'iagsrgue for humnzinvetigtionandanaysis Futheitippars P.M.N. Prostaglandins 2. , 281 289 11983).

from these results that, for the investigation of 1131 J. C. Gas.I J. K. Beckman. A. R. Brash. J. A. Oates and J.
LTFB,'s effects on1 PM N dysfunctionls). the canine N L.ukens, Enhansemesnit fhepnoiacttc facror-.oimaula'd

PM N represents a suitable alternative to human sseursphil oxidaijthe icahssons bis /euksstris'ns B,. Blood 64.
cells. 751 785 (1984).

cells. 14) 0. MI. Omann. A. F. Traynor. A. L. Harris and L. A. Sklar.
I. I B-indusced ait, tiaiisn .sigsta.s and re.tpsenses it neut rapti/s
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Interleukin-I Enhances Survival of Lethally Irradiated Mice Treated With

AlIogeneic Bone Marrow Cells

By Joost J. Oppenheim, Ruth Neta, Pierre Tiberghien, Ronald Gress, James J. Kenny, and Dan L. Longo

Interleukin-1 (IL-i) enhanced the capacity of allogeneic GVH syndrome in these mice cannot be excluded. The
bone marrow (BM) cells to promote survival of mice given spleen cells from irradiated mice given BM transplants and
doses of radiation (1,200 to 1,350 cGy) that are signifi- IL-1, which consisted of -85% donor cells, were able to
cantly higher than those generally used for BM ablation generate specific I-cell cytotoxic killing of unrelated allo-
(850 to 950 cGy). Three to five times greater numbers of geneic donor cells but were unreactive to target cells
lethally irradiated (1,200 to 1,350 cGy) C57B1 /6 (H-2b) bearing either host or donor major histocompatibility com-
mice given 107 T-cell-depleted Balb/c (H-2d) BM cells plex (MHC) class I antigens. Thus. long-term mixed chime-
survived over 6 weeks if also treated with a single intra- ric survivors were tolerant to recipient and donor alloanti-
peritoneal lIP) dose of 10 lug IL-1 20 hours before or from 1 gens but exhibited immunologic competence. These
to 3 hours after radiation. The spleens of these mice were results show that IL-i promotes survival of lethally irra-
reconstituted predominantly, but not exclusively, with diated mice and that allogeneic hematopoietic cells in such
donor cells (54% to 91%). Histologic examination of the animals develop tolerance to host MHC antigens. Although
epidermal and gastrointestinal tissues of mice surviving there are many unanswered questions, these data suggest
more than 6 weeks did not reveal any evidence of graft- that IL-1 may prove clinically useful in promoting BM
versus-host (GVH) disease; however, since 10% to 43% of engraftment.
the mice died between days 30 and 46. the possibility of a 1989 by Grune & Stratton. Inc.

L-I PROTECTS MICE from lethal doses of radiation MATERIALS AND METHODS
over a dose range that usually results in a fatal hemato- Mice. Inbred female C3H/fleN. C57B1/6. and Balb/c mice

poietic syndrome 2 I L- I protects mice more effectively when ranging from 8 to 12 weeks of age were obtained from the Animal
administered 24 hours before than after lethal doses (ID Production Area at Frederick Cancer Research Facility. Frederick.
f00/30) ot irradiation. When administered following midle- M D. Mice were maintained in a pathogen-free environment and fed

thai doses of radiation (LD 95/30). II.-I has also promoted commercial rodent chow and acidified water (with HCI to a pH ofthI dsrviv of radition (LD7 of5/3).' Ind- s ao proteds 2.5) ad libitum. All cage cleaning, handling, injections, and care of

mice for 2 weeks following irradiation was performed in a laminar-
have demonstrated accelerated recovery of colony-forming flow clean-air unit.
unit crthroid (E-CFU,,)2 and of granulocyte-macrophage Irradiation. Mice were placed in a plexiglass container and
colony-forming unit (GM-CFU), burst-forming unit -ery- given single doses of whole-body irradiation at 3 Gy/min using a 137
throid (BFU-E). and colony-forming unit -megakaryocyte Cesium source (model 68A MARK irradiator, J.L. Shepherd.
ICFUL-Mcg)46 in sublethally irradiated. IL-I-treated mice. Glenoble. CA). The numberof surviving mice was recorded daily for
This suggests that If.-I may promote and accelerate the up to 150 days. Previous studies established 900 cGy to be a lethal
recovery of residual hematopoietic stem cells and progenitor dose for C57B16 mice within 8 to 16 days. which is the usual time
cells that survive sublethal radiation. The concept that I - I course for the fatal hematopoietic syndrome.

is an important stimulant of hematopoiesis has also been
reinforced by data showing that IL-I is identical to hemato- Fro,, the Biological Response Modifiers Program. Division of
poietin-I.79 a growth factor for hernatopoietic progenitor Cancer Treatment, and Program Resources. Inc.. National Cancer
cells with high proliferative potential. In addition, it is Institute. Frederick Cancer Research Facility. Frederick. MD: the
posible that I1.- 1 may also indirectly promote hematopoiesis Department of Experimental Hematology. Armed Forces Radico

b% inducing expression of receptors for colony-stimulating hiologv Research Institute. Bethesda. MD. and the Division of

factors (CSF)' as well as the production of CSF.'
0  Cancer Biology and Diagnosis. Experimental Immunology Branch.

oNational Cancer Institute. Bethesda. MD.Transplantation of autologous, isologous. or allogeneic SubmittedNovember 17. 1988, accepted June 29. 1989.
BM cells also protects animals from lethal doses of irradia- Supported in part i Jederal funds from the Department o0l
tion in a dose range below that inducing the gastrointestinal IlealIthand tuman Services undercontract no. N'0-CO-74102 with
syndromle. " The capacity of It.-I to enhance hematopoiesis Program Resources, Inc. The content of this publication does not
suggested that IL- 1 may also promote hematopoietic recov- necessarily reflect the views or policies of the Department of Health

cr, fiolcw, ing bone marrow It. rnsplants. Consequently, exper- and Iluman Services. nor does mention of trade names, commercial
imnts were designed to evaluate whether (I ) transplanta- products. or organizations imply endorsement bi the US Govern-
tion iof allogencic BM cells combined with I1.-I treatment ment.

results in enhanced survival of lethally irradiated mice, (21 Address reprint requests to Joost J. Oppenheim. MD. Division of
lcthall" irradiated mice given I1-I require fewer allogeneic amer Treatment. National Cancer Institute. Frederick Cancer

Research Facility. Frederick. MD 21701-1013.
H%1I cells to survive. (3) administration of 1.-I along with The publication costs of this article were defrayed in part hv page
T-ccll depleted allogencic bone marrow cells leads to the charge painmin This articlimust therefire be hereby marked
dcvccopntent of tolerance, and (4) IL-I preadministration is "advertisement" in accordance' with 1,f' SC. section 1734 solely to
more cl'ectivc than I1.-I therapy following irradiation and indi(ate thi fact.
the relative capacit% of either of these treatments to restore 1 1989 by Grune & Stratton, In,
host cells or enhance donor-cell recovery. 0000-4971/,i/7406-005253 00/0
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rvtokines Human recombinant IL[-IS and IL-Ia were gener- sursival curves of the various treatment combinations. The methods
ousl. provided by Mr Iriye of the Otsuka Corporation, Rockville. used were those of Kaplan-Meier, Cox, and KruskaI-Wallis.'5 Com-
MD. and by Dr Peter lomedicoof Hoffmann-LaRoche, Nutley, NJ. parisons of donor H-2d" cells in spleen resulting from the various
respcctivel . The preparations were used in a weight basis and had a treatments were made with the nonparametric Wilcoxon r. nk-sum
specific activity of 2 x 10' U/mg by the thymocyte comitogenic test. "

assas'- and 2.5 x 10
' units/mg (Lot 1/87) by DIO assay," respec-

tivel,. All reagents were diluted to the desired concentration with RESULTS
endotoxin-free phosphate-buffered saline (PBS) just before intra- L:fects o/ allogeneic BHA transplantation. Since allo-
peritoneal injection in a volume of 0.5 ml. The ttoffmann-L.aRoche c - m
IL.-1 preparation contained 0.125 endotoxin U/mi. by Iimulus gcncic Itl.-A matched BM cellsare frequently not available

amebocyte lysis (LAL) assay. Since II.-It and II.-Id have equiva- in outbred human populatiiits, the effect of IL- I on survival
lent radioprotective activity, both were used for this study.' '  

of lcthally irradiated mice reconstituted with partially T-
Bone marrow cells. BMC were obtained by flushing them cell depleted allogeneic H-2 nonidentical BM cells was

fronm the femurs of mice under sterile conditions with RPMI 1640 evaluated. Balb/c BM cells were treated once with anti-
medium. BM cells were dispersed through a 25-gauge needle washed brain-ccll antiserum, followed by fresh guinea pig comple-
once with RPMI 1640 at 4'C. gently centrifuged at 200 g for 6 ment, to diminish donor T cells that could generate GVt1
minutes to remove aggregates and debris, counted in a hemocytom- reactions. This reduced the proportion of Thy I , BM cells
eter. and the indicated cell number administered intravenusly into its determined by FACS analysis from 37r to 1''. The ability
the caudal veins of recipient mice in a volume of 0.2 ml.. The t p
allogenic BM cells were T-cell depleted by incubaing them withfor 30 mice (H-2b) given suboptimal numbers (less than 15 x 106

)
of'such T-cell depleted Balb/c ([-[1d) BMcelwatsedminutes at 41C, washing once, then incubating the BM cells once or - cells was tested.

twice again with a 1:3 dilution of fresh guinea pig complement for 30 l.ethally irradiated C57B 1/6 mice were given from 2.5 to
minutes at 371C. The cells were recounted and injected. 10 x 10' T-cell depleted Balb/c BM cells and a single dose

Experiniental protocol. From 8 to 12 C57B16 mice per group of 10mg I1-1I3 20 hours before or I to 3 hours after radiation.
were treated with 0.5 mL PBS or with 10 ,ug IL-I or 3 in 0.5 ml- This dose of IL-I was chosen because it was more radiopro-
PBS intraperitoneally either 20 hours before or I to 3 hours after tective than other doses and schedules.' A single high dose of
lethal irradiation. Mice were given either no or from 2.5 to 10 x 10 '  

1,200 cGy was given in an attempt to suppress recovery of
Balb/c T-cell -depleted BM cells intravenously in a volume of 0.2 the host cells and favor the establishment of the allogeneic
ml 1640 RPMI medium in their tail veins I to 3 hours following BM graft. We have previously shown that 900 to 1.000 cGy.,
irradiation. The survival of nice was monitored on a daily basis for

a radiation dose usually considered to be an LD 100/30,up tot 6 months.

In vitro generation and assan' o~f CStotovic T-cell activi- becomes an I D 0 if the mice are pretreated with 10 g 11.-I

ti, Spleen cells of long-term surviving C57B16/mice( - 2 months) 20 hours before radiation. The hematopoictic systems of

reconstituted with Balb/c BM cells and II-1 treatment, were 11.-I treated mice recover from the damaging effects of
assayed for their ability to kill 11-2b, H-2d. or unrelated 1t-2' target radiation.t Following 1,200 cGy doses of irradiation, all
cells in vitro as previously described.' Spleen cells at 4 x 10

6
/ml. C57B1 /6 mice that were not treated or were only given a 10

were cultured with I x 10 irradiated stimulator cells in RPMI 1640 j~g IP dose of 1l-14 after irradiation died with a median
with 10'7 fetal calf serum (FCS), penicillin streptomycin. nonessen- survival time (MST) of I I days (Fig 1 ). Although treatment
tial amino acids, sodium pyruvate. 2-mercaptoethanol, and L- of C57B1 /6 mice with 2.5 x 106 T-cell-depleted Balb/c BM
glutamine in humidified air with 107 CO at 371C. The surviving cells with or without subsequent IL-13 prolonged the survival
cells were tested 5 days later for their lytic activity in a 4-hour "Cr
release assa on 3-daymice MST of 12 days), none survived for more thanrelasea-sav n -da cocanvain-- simuate slee-ccl lm- I month (data not shown). All irradiated mice given 5 x 10'
phoblasts. The results are expressed as percent specific lysis at
various ratios of effector to target (F T) cells as follows: BM cells without IL-Ilil died by 45 days (MST of 15 days).

', specific Isis - 100 In contrast. 9/12 mice treated with both 5 x 10' Balb/c BM

cells and IL-1d by I to 3 hours after irradiation survived
(Experimental release spontaneous release) beyond 45 days, after which mice stabilized and survived

( Maximum release spontaneous release) long-term (over 20 weeks). Only 5/12 C57BI /6 mice treated

Cell phenotyping. The percent Thy I positive BM cells was with 10' Balb/c BM cells without IL-I survived beyond 46
determined before and after T-cell depletion using anti Thy 1.2 days. In contrast. 11/12 mice given IL-I along with 10'
monclonal antibodies as assessed by flow cytometry (FACS analy- Balb/c BM cells after irradiation survived for over 45 days.
sis) In addition, the H-2 phenotype of single-cell suspensions of Consequently, therapy with IL-lil along with 5 or 10 x 10
spleen cells reconstituting some of the long-term (over 6 weeks) allogeneic BM cells after irradiation markedly prolonged
surviving mice was determined using anti-H-2' (34-2-12, lg(G2a) or long-term survival (over 20 weeks) of lethally irradiated
anti,-11-2b 5FI lgG2b, produced by Linda Sherman. L.a Jolla. CA) mice (P - .001). The ILl-I3 treatment after irradiation
monoclonal antibodies (kindly provided by Dr David Sachs. markedly improved the effect of the transferred BM cells.
National Cancer Institute. Bethesda, MD), followed by FITC-
labeled goat anti-mouse Ig(G2a or IgG2b, respectively, and FACS Mice given IL-l3 20 hours before irradiation, even in the

analysis. Mice were analyzed individually, and three mice were absence of BM cells, were radioprotected (more than 87'7

anals,,ed in each group in repeated experiments. ( lable I ). Thus. IL-I is much more effective in promoting
Satlt tical anali'sis A chi-square analysis with Yates's correc- survival when given by itself before rather than after a dose

tion for continuity of number of surviving mice was performed. In of 1,200 cGN irradiation (P - .001 ). The survival of mice
.iddmon. a computer program was used to analyze and compare the pretreated with II.-I that were given 2.5 x 106 BM cells
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9 Irradiated only 10 1Ag IL1(3 post irradiation
A 5x 106 BM cells .5 x 106 BM cells +tLlJ

.0-a10 x 106 BM cells ilox 106 BM cells + ILV,

Fig 1. Survival of lethally
irradiated C57B1 /6 mice
treated with IL-1,8 and BaibJc 0
(H-2') BIM cells. The conditions 8 ----- _

in this experiment were as
described for Fig 1. with 7i
the following modifications- * 60- __C5781 /6 mice (12 per group)
were irrediated with 1,200 rad, Ufl 'A
given a single dose of 10 mg C
human recombinant IL-10 and ~ 0 -A-_
either 2.5 le 1 idata not
shown), 5 10'. or 10 -106
Balb/c BM cells within 1 to 3
hours following irradiation. Sig- 20
nificantly more mice given 5
10' BM cells and IL-1 survived
than mice given only BM cells A

W .01l, and more mice given 10 20 30 40
10' BM cells and IL-i survived
than if given only 10' BIM cells
P .05) . No. ot days post irradiation

iCtILls11 decreased from 87;2 to 40'2, (P .01. In contrast. ofi nce lethalls irradiated with 1.200 c~y ithv IL-I only
p inc it the mice survived when given 2.5 - 10' B M cells and fa6 orcd the recovcrN of autologous BM cells, provided IL-I
11 -1 A iter Irraidiation. %lice given 5 x I10' BMl cells survived was given together with sufficient nunibc~s of allogeneic BIM
sieniticini1ls\ better if gis en I[.- I before than alter irradiation cells, reconstitution with donor cells "as favored. In mice
(P (IS). Onk mice given 10' BM cells benefited equalls given S I 10' B.M cells and [[--I after irradiation. 3 of 5
fromn 11 - I iieit her before oraftier irradiation. spleens containeid a ma jority of' cells of the donor type. but

lPh--not pie a nal s is of the spleen cells from mice deter- two spleens consisted of' over 90'; host cells. Overall, the
mnined frimt I S to I months af-ter treatment with 10 ) 10)' higher the number of donor cells adminis;tered in conjunction
Huhb c BMl cclls arid II.- I after irradiation revealed that 8 wX kith IV- I . the higher the donor cell engraftment (P - .I05I_
mnice crc reconstituted predomuina nlx 174',; to 92'*; 1 with It istoliigic examiinatioin of the gastrointestinal and epidermal
donor 0I 1-2") cells but still had from 4'; to 23'; surviving tissues of' these mice did not reveal any evidence of (iVfU
host ill- 2") cell, (Tfable I ). \Il of the mice %&ere mixed disease (data not shown I.
chinieris ( ontrars to our e spectations. 7 oif 8 miice treated [he spleen cells from mice treated with l.200c(is., "ith or
%it h 11 -1I3 before I .2001 cGis andt 101 B.M cells, vere %%ithiiut 13M transplants, plus IL-I that survived for ove r 8

ne en icless .ilso piredominantIk reconstituted with cells of' weeks, "ere tested tor their capacity to generate in vitro
the IF" ( 'donor)I phicnot~fpe. Hlowever, mice treated with c~ tototxic V--Is inphoc\ te reactivitN against host (11_-2b ) donor
11 -1I and BH\1 cells after Irradiation were repoipulated with 0l - ''. or unrelated third-party I I H-2') target cells I Fig 21.
hieher lnmbers iif spleen cells ( miean of 143 I 11' cells per I'isled spleen cells fromt 3 ('57B I /6 11 1_2b) mice that wkere
spleen)I thin mice given 11.-I 211 hours before irradiation reconstituted with -86"; Balb/c (Ili_2d) donor cells dlid not
I tin 0f 42 IIIo' cells per spleen) Al though pretreatment genecrate ins Is tic effect on eit her H-26 or 1I-2 d target

Table 1. Phenotype IMHC) of Spleen Cells of C57B1 /6 Mice Surviving More Than 6 Weeks After Irradiation With 1.200 cGy

Tteatirent With I0 Ogg iL 1.i

None' Preirradiation Postirradiation'

Oose of No of %H2' No of %H2' No of %H2
81t, , M CellS S-ris Twrat MST Spleen Cell, Sw-tyos:Total MST Spleen Ceils sworos Total MST Spieen Ceils

No-, 0 20* 1 1 N~t 7 81 .5ff 0 O2 0 11 ND
2 5 , 10' 0,22 12 ND 4,101 37 32 29§ 0 22 13 ND

5 -10' 0,24 15 ND 11,121 60 44 15 11 24 36 50 18
10 to, 8 24 29 63 -12 12.12 60 71 t0 22 24 60 83 -2

Abbi,tisiiis MST median survival time, ND noi determined

*Porilod data from iwo dliff ereni exiperiments

tNoi dfetermined because of tack of survivors

ISigonficantly higher suirvival compared with IL I posiirradiaiion (P .05)

§ Me,) anti standard error of ihe mean percent donor -derivedt (H-2" spleen cells detectedt 6 8 and 12 weeks posiirradiaiion The remaining spleen

..eils were of ihe host (H 2' 1 ype
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A) C57BI6 + 1200R B) C57Bl16 + 1200R + IL-i + 10 x10' BALBIc

1000 120 0
H 2.

.H-21, ii1 2d

800 H 2d 1000 '1H 2b

.!2 800

.i 600 .-

2 610

o - 0 40

o 200 -
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4000
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Effeclor Target Ratio Effector-Target Ratio

Fig 2. Generation of in vitro cytotoxic T-cell activity by spleen cells from C57B1 /6 (H-25 t mice 4 months after lethal (1.200 rad)
irradiation with or without allogeneic Balb/c (H-2d) BM transplants. Mice were given 10,ug IL-11(I IP only before lethal irradiation (A) or IL-i
together with 10 -10' Balb/c BM cells after irradiation (B). Spleen cells (4 -106) from these mice .sere stimulated in vitro fcr five dtys
with irradiated 12.000 rad) Balb/c (H-2 d). C5781 /6 MH-2*) or C3H/HeN (H-2k) spleen cells (11 1001, and the resulting effector calls were
mixed with 6'Cr-lahelled ConA-induced lymphoblasts from the same three strains. The percent specific lysis of target cells at varinus ratios
of effector to target cells is showrn. Each point represents the mean percent specific 5

'Cr released by triplicate wells. The spleen cells of
two to three mice were pooled to obtain sufficient effector cells in this representative experiment. SE were consistently less than 5% of
the mean and have therefore boen omitted.

km phoblists but possessed cells capable oii specificalls ks- BM N cells are also rniistered. Such :t treatmenicrt regimen
int! alli-menic IF- ltirtiet cells F1ig 2'B). Thus. cells Irorn the resulted in var~ing degree,, if iied chim-erisi lie. host and
radiated inimial Acere tolerant to both doinor aind host '0 1 doinor hionatopietic recovers 'Mrh lonie-termi surviing
spcciticit ic' but \% cre cotipetent to recogni/e illo~eneic ice shrsk d no e idence oif ,V II dlisejse ..tnd -heir T cells.
W( (i cterniints 1I1 contrast. ( >7)1 '6 spleen cells that s crc iolcrai ii to both donor and host NI JE* antigens.

hadi wocred from lethal irradiation bcaiuse of preirradia- In An attenipt to eliminate mnore of the residual survis inp
non1 Ircat mnci v ith 11 -. 1 ok Oc ie.%ithout illogcrieic BMI rccipient hecniatopoictic precursor cells. (-,73 B :,6 recipients
Clls) sCF crc AW 0ail lIss II-_ AS \%sC~!l asI 11-2 uitrget \% crc treited si.ith 1,350 c( irradiation and reconstituted

ISmiplihlisis i I ig 2 \) I Ititi. thc use of 11 - I siith high doses \k ithi more thoroughlk I-cell depleted Badb. c BNA cells.
k4iliom ,,%%,i~ rcoser\ if onie tolerant hoist hemiato- I rcimcnt s\ ith anti-brain antiserumn and Lnne pig comnple-

pict Ic elemntsil. pro ided sutlicient ntimhers of allirgeneic mnit iti. cc redIuced the proportion ofI 1h\ I cells, from 4,;

* Irradiated only 10 ;,q IL1,, post irradiation
* 5 x 101 BM cells 5 x 10' BM cells + ILI,

* l0 x 10' BM cells 10 x 10' BM cells -ILl.

100 .-

80

5 60

S 40v Fig 3 Survival of lethally
* irradiated C5781 6 mice

ireated with IL 1,t and Balb c
H 2d) BM cells The conditions

20~- in this experiment were similar
5 to hose described in the

l U legend for Fig 2 , exceopt t hat

__ - .mice were irradiated with

10 20 30 40 1,350 rad Significantly more
Mice survived if given 1 0 ' BM

cells and IL 1 than if given 10'
No. of days post irradiation 13M cells only (P 01)
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Table 2, Phenotype (tAHC) of Spleen Cells of Surviving C57B1 /6 Mice ( 6 Weeksl After Irradiation With 1,350 R~ad

Treatmernt With 10 vsj ,

t~oir e-radiatroe Postirradiation

Dos,, of No, of % H 2' No of 4,H 2" No ofW 'H 2"

Ritb SMA Ceals Su-.vor, Total MST Speen Cills S-ovrs Total MST Spleen Cell, Surviors, Tutal MST Splen Cells

Nonei 0 8 10 N* 0/8 14 ND 018 10 NE)
25 r, 010 1O 1 ND 1/10 29t 24f 0 t0 28t ND

S to' 0 12 12 N D 2112 32t 74, 71 2'12 3 1t 83. 74
0o To' 1 12 31 56.2 6r '2 41 + 70 56 76 9 12 14~5t 76, 80 83

Atbirevato MST -edian surtvival time. ND, riot ifetermiriec!

*Noti ipteminril be, vise of lack of survivors

,Soul ciiitll ioger survival in c~omparison with mice not given IL 1 (P -05) The stirs'-a of mic g ivenl IL 1 after 10' BM cells was s.gnificantly

(1 r oir 1p 0b1 than tSfit of mice pretreatedl with IL 1

ipi Inn ro en konot deriveid spleen &'v as determined 6 weeks aiter BM transplantation The remaining spleen cells were predominantly of the host

toi 0 \1 Ir raiatefd mi1ct: that were untreated or treated mi1ce wet-c reconstituted predominantll I with host ( [il2b)
,-II\ liS th 1 IfL I I - M It' before or itr irradiatioln died cells Since none of the lethally irradiated mice gi en these
sl itthin X t,, 1 diss, fIg t. ,1 ble 2') AlII mice gisn 2.S5 10' diiscs of I I -I onIT survised. we speculated that in this pilot
lB lb c B \1 cells, s !thiiut I I - Idied in K to 14 di's's ("rable 2), 'sli.1d tllc allogec cells, transiently promoted survivai until

I he 'Ur\ i o iitce is en 2' S I 10' Balb,c bone niarrok replaced bs the hosts' own BM cells,. 'These results led us to
,clls lft1clluil 1 1 itnd If) ug 11 -I M 11 after 1I1b; L(i's stud the etfect. (If higher doses of irradiation, a higher dose

a>,t Fri ilrtler toi 11) toi ;S &i\N. with .1 median survival timte i)1 11-1 and more B\1i cells in oirder to decrease the
I'soa 55 I rridiaitd laice gl5 en S - 10' Balh c BM cell' likelihood of' host-cell recoveri and iprove the probubilit'

5.iI h,,t 11 -1 dIed %.it hi n X toi 20 di ss with u medium ot donor-cell enigra ftmient. 'These experimental modifications
sltI i c tile 12 dx is s*a d all but one oif 12 mice given clceirl\ show ed that I1.[A can markedly enhance the survival

Il fT r H)"Blh c B\1 cells without 11 - I died within I Ito 41 of lethllbs irradiated mice treated with alloguneic hone
1.155 I ci 1) Iii crlnrust. 17I )(ofmice given S x 1 0' B\1 cell' marrow cells. 11A- promoted the survival of C57131/6 1 l2b)
illst I I -I af1ter irridijitioif su rsis ed forovcr 45S dla s. and 9 iif Illice Irradiated with 1,201 to 1,350 cGv and reconstituted

12 ni11c treitec t 'h 10 10AII cells I0tiliwoed bN I1<1 have w'.ith T-cell depleted [3alb/c (H-2') allogeneic cells. despite
51. rs 15 c hcsind 45 (1,15 In these allotransplanted mice toatjor differenices in M l('. The numbers of long-term
f'Is n hig'hcr doses, iof I.IS i5 : (is. the beneficial cllects iif survis ng mice (over 1 .5 mnontlis) treated with 5 x 10,.01 I0
VIs 1111!11I -1 is Li radliiprrtectiir 20 hiiurs before irradiation allogetteic BM cells plas IL-I, far exceeded the numbers of'
ii iiether Aithl 1ff 13\ cells wa's less effective than the surv ising mIic, given only BM4 cells. Thus, IL.-I can promote
licri petit ic eff ects if1 11 - I gis en after irraidiattion I ble 2) either thle recovers oIf host 31M cells or accelerate the
I ICu %cr .i1l slrvis; of iTnttice gtiven 11 - before or after engra ftmlent and 1) liferation of donor bone marrow cells or

irradimtill aing swith alliigcneic BMi cells was lower after biit h.
I IO 10I i1 1.210 c ( "I N t Iibl I a ;In d 2) Radiopriitection by prior treatment with IIA- without BM

mmCkit i ia\sis if spleen cells of mi1ce survivitug, I, IS0 cells sw.as con-pletels ineffective. its was IL-I given bs, itself
1,, i r iser f6 s'eck, tesveailed that the majority of spleen aifter 1,350 cGs- irradiation The failure of I1-I treatment

,cl, Isn im 4 and ifol the mice that had received 11 -1Ii, and after this big tcr dose if radiation is presumnably due to an
- 11)" or 10' Bulb e BM cells. rcespectisel\. were iif donor insufficient number of residual host hemnatopoietic stemn cells

ill "' I ,riginl ( I aible 2) liiweso:er. the spleen cells still and priisenitor cells for the HA.- toiacton. Furthermore. tew
ci'111tiimcr Inrin 1' 4'; toi 44 2', recipient cells 'The spleen to ice given onl y BM\ cells survived I 350icGy. 11 -1 pretreat-
ccl1> tri 't teh' isc Intiouse t hai had received 11.-I and mnent and 1IA t heraps.( ie.afte, radliation)%were each equalls

I f 10' H\1 clls A.'is smIull and contained onl' 24"T donor effective in promoting the survival of mice i-cadiated with
clk I urtseujueitl. csen After I5) IOc(,5, sonmc of the host lI .. S Js and given 10' alliigeneic BM cells. The pretreat-
cC

1 1
> , SI cin d i the lienianitpoictic cells of the mice were tnlent with II.- improvsed the capac'txN of the host to support

,lII hlinieri,, the crngraltment with allogeneic cells given 24 hours later.
Iveit it 1,2010 cJis most of the micL hat were pretreated

DISCUSSIOw til It - I were reconstituted redlominantls with allogeiieic
DISCUSIONdinki: cells Perhaps their enhanced survival was based tin a

Pt-eliiir% sIdics tif ( ';i 0 HI i 0ce t hit wiere irra!dzited tranoiti recovers bs. host cells, which were then replaced b.%
Allh 1 1(101 rid ind trc'.ted with ItI - 0 [-cell (feplcet the utllrridiated donor cells.

Billi c BIM sells .iing wkith 21 Aqi IT -1. I ails for 6 class, [he capacity iif IF - I to priomote heniatopoiesis roar, be
helitrniny iiniedliIl aifter Irradiation, resulted in ling- baisedf -n several rccrgni.'ed biologic actis-ities of It - I. II - is
leriti sirisi otitl' 40'; if the mice, in comnparoson with known to stimulate striirtal cells tit prodluce (iM-('SV and

,)fit ' 11 r (I aif 11 ice given 10,11 cells rink 1-urt hertnore. Ci,-( M-" aind to induce receptors, for M-CS I on hemnato-
bs tliw c s mttet rx. thc spleen cells, if 111115 of these surs ivitig pilletic precursor cells. it Is poissible that the bone nmarrow
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ye('t-plmWI ctte~ks it II 1 I .rc lediated bthie :oclp.- hIlii, tissues ot is,Nniptoniatic mon1 -it-r urvisors. Since

stiltlitILItm IcV's 1( "1i '1 1 itri11lieT mre. I1 1 call act %iC did not autops,, thle mice that died before 6 %ieckN, %ic

direCt!' oli tii~ e Icm sti ell, Ifnd stimiulate their hise tot~ estaished %i heier the\ ha&i ice(j~\I
prohitertin lin .%ersilh (1\1 I sor 11 t lhii tuh Ihere litte been reports that miice treated "illt 11 - to

ss ere, s' ccrs i. i sss his\kn ks ciilfiv subhopti- ,couticr the toxic dIoses Of Chemtotherapeutic agents suit
tiiil Titilli l'e s. 11 I 1- 1 itil ( 1\1 -( SI to cx\tt did shosi better hecntatipiietic than immunologic
Ilniese 'ptitiid I idipI rit "Ic ii11 rcuxr\% It is therefore possible that HA.- mai, promote

It i1usposiletLt 11 - iucd reko,.er, it toitliini- i-raitulic~tiipiiill ancr~thriipiesis at the expense oii kmn
h~IltIe 1tiu ni' oenit butc II thle mriprised sur',i%.il of pliipoicsi, ind could therefore either reduce the incidence or

liee \ih, in-uiiipe isue siere restored %kitht donor deli', die onset of (1VI I Onl the other hand, our studies shokk
I \l el 11 ! dii e IInereLse s teoc sas cnLtr ictis it\ that d in r-cell reconist ituted -spleen cells, from mice surv-
trollII 'lie itiitiietoii it tuitephise protins, such is metal inc - I to s, month', haite thle capacut\ ito generate T cells,

t tinn md eiuplsn in*od intricellulir k:AC~in2ter [latiir c',toto'ic hi'r unrelated I If--") but not donor I FI-2d)
Tl~ ssti is IIII,1hIndtLI, nil liluie ' 111I-uperixide di'- or recipieuttt I [-")~ target cells. This suggests that the F cells

liiist Iieseseietiers imi' reduce ithe tree )\,',ucn in thfe chiiieric tiee that Nur, i,, f'ir oeer 6 \keeks hawe not
rjkilismls, rrii1ii1LeI II (ltensl',el\ ulirlgel tse I Ideed. inl\ beciime tolerant ti both donor and recipient WIC
t reiI l leInt I it klC di \ ip if e ilNisiiutise uS() 1th 10one ITullwsnc itcrls bitt are alsi intuuniloticall\ competent. as judged

I ltlItiol Is~t ben rep'uirteil toeii11litie ,Irrsual I lusseser. i. their .tbilit\ to Muster a specific ('11 response augainst an
tinnm lie iIiitetn l tssues ItI leth1uil irradiated unrelated ;illiigeneic target cell,

ii~c tic.ic ktthI -iiitimi If alloistneic 13\1 cells anud Maun\ iither questions concerning the contribution of I1.-I
11 1 sl1is el l e\ ideneC I dAiituut thinl thiiis iif untreated to ur ill'i lethllk irradiated B"\1 -engrafted mice renmain
11111. %ks e c unlthie I ciruludt ksieilter 11 - I rather thin to) be aiisssered. Thle iiptimial dosage, schedtule. and riiute of
die Bt\I cll, iki r sireeti' beiteticiul ti notinittpuitic .idiistraution fil- IA need to be established in rodent,, as
issues lie restirutuse dies t if 11I - I mix!. it,, insils its kiecll as Il laruter animal imodels. Tle hemiatologic rcoserx.

it. prt~ierssc c tol itufctius sirgiuTIIsills - 11ii1n1tune coTIpetence. and occutrrence of' (iVI in H.-]

i I Iu,1 iduiiseil restIrituion it hettupnuiCsis induction treated 13\I-cell enttrafted mice miust be evaluated in
'' 1!C1S Cl ner.1d h1ut lIust-dtens iiHtiittsnt111s Inax u ndurcil', Lireuter detail. T-he capacit\ of IL -I to interact siith other

-witibiiu t tw li npriseu resuser\ it the alligeneuc 13\l uen sucht as anti-aSialo (;\I- I anti',erum tishich sup-
rc i pie li presses natural killer N sK cell actisit\ and reduces. h',brid

IIe u 'ire aetiul criotu, prubleni itl miice resistuIteeC ti promote boric marross enigraftIment )
4 is being

T .n.i-iipleteI~ I -,,lI depleted aill!oCeic 13Mi cell'. studied Our finding,. doi suggest that I I - I ma\ permit the
9, ' lte Ili i. c eihiuit luartiul reeunstltutiin ith use Ifl higher doses ifl radiation therapx in the conditioningt

thci -- Hnel Inidieed. Iri I(V t t' 4_-1if trice treated regimetus Used ii treat nmaligtnancies, currentlx managed bx
Si ii l eetteiCrII .e lls iitd 11 -1 (died beisseenl 10 and 4S ,ulloiueneic 13\1 transplantationim1 L-I ma\ alloss the deliver',
dis . i itorrmkowniii ( I jitt c:( ,\ t lit contransitul, oftl itire etiectise tlrerapx . either b,, itself ir \kiuth f'exier donor
li hiteil. jle~ treuted lksih usu11luruui'.I\ cells, and HI -1 BM~ cells.

H le 1ol 'i (Li', otld il) 1nit perish betsseeut 1I arid 4
.: I lIJse (l l) dei Oi' emd be due 1i) inadlequatte m111)ttun
tuu i:IliClql.ure boric uiurrous ,nguralttnicnt, iir (]\'I ACKNOWLEDGMENT
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RNBIN, B M. A ND Wk. A. HUI)NT Inea uin ol-halo~peridol and area 1)(isreni1.5 nesto in the disruption oit rnpheraintie-induwed
(onditvnedf tior, aversion leaurin, in rati. PIIARMACOL BIOCHEM BEHAV 33(4) 847-851I. 1989. -To~o experiments "~ere run
to de termine the u cichan isis underlying the acquisition (if an amphetamine-induced conditined taste avers ion. In the first ex pen menrt.
it , xas shoisn that pretreatmnent \A it h h alIopendol1 (0. 1-0.5 mglkg. I Pi attenuated, but did not present. taste a\sersion learning produced
h.s amphetamnine (I mg kg. I N. Itt the second expermment. combining area postrema lesions with halopendiil (0.5 mg.'kgi pretreatment
coinpletels blocked the acquisition oft an ant-netaminme-induced taste aversion. The results are interpreted as indicating that
mniphetanine-tnduc:ed taste asersion learning has both a central component. sshich is nediated by dopatninergic receptors. and a
nondopaimiergic pcnipheral ciimponent, \&hich is mnediated hs the area pmstrema.

Conditioned taste aw rsior'i Amphetamine Halciperidol Doparmergtc Area postrema

A conditioned taste aversion CIA) can be produced by pairing a would be expected if the dopamninergic properties of amphetamine
novel tasting solittiot %kith a \aries olf uncondititined stimuli. formed the basis for the acquisition of the CTA. Since the
includtng ionizing radiation. lithium chloride (LiCI . amphetamine observation of an attenuated response, instead of its elimtnat;sn.
and morphine (6,13). The neural mechanisms underlsing the may reflect an incomplete disruption of dopam~nergic actvty, the
acquisition oit a CIA toi toxic treatments, appear to differ fromt first experiment in this series \xas designed to further evaluate the
thiise underlying taste asersions prtoduced by sill -admtinistered role of dopatnine in the acquisition of -i amphetamine-induced
citirpounds (6). In contrast to radiation- and Li tkIinduced taste CTA by using subjects that had been pretreated with the dlopa-
axerstons. Axhich require the meatlijon of the area postrema (AP) minergic antagonist haloperidol. Haloperidol was selected because
(I I. 14, :6i. AP lesitotts haxe no effect on the acqutottfon of a CIA it has a high binding capacity for dloparme receptors i II. and

produced by injectio~n of higher dose,, of amphetaimine (1 .5 should. therefore. block dloparmergic activty a dse that
nig'kg) i 15. 16) or morphine (19). Conversels. rnianpul ition of -roduce fewN CIA-related side-effects (41.
specific catecholaminergic system,, disrupts CIA leaiming follo\&
ng inject ion of atnphetamiiine. h itt not that induced by LiC ( MIl, INRt.Ibt(it

17. 20. 211.
Since amphetanmne is a dtpanin agonist - most research into sii/mpi1s

the neural mechanisms of atmphetamiine- induced CIA learning has
focused oin the role of the dopaminergic sy.stem in this behas ior. The subjects sscre male Crl CD BR \AF Plus rats (Rattu.
Vbi~wxr. isi research has shoiwn that disruption of doparmergic norieti 'iio) \xeighing 300--44A) g at the start of the experiment.
adti% ity causes, ionly an attenuatiiin of aniphetattine-induced CIA Rats \kere quaratined on arrix a) and screened for evidence of
learning rather than its, cimtplete elinitnattort (5. 10, 17, 20, 2! :. as disease before beinmg released from quarantine. Ihe,6 %\ere main-

Requests tF r reprinits should he iddressed to Bvrnarl ',l Rabin. Dcpailnmi ,I Ps.%cholog\. n is ersi ml i NarN land Baltimore County . Baltimore.- MD)
21228

84,-
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ence betx een the minimum dose needed to produce an attenuaion the possibility that auiphetarnine-induced (TA learning imol,.es
and the dose that produces a maximal effect. Alternati\ely. it max, both a central component mediated by the dpannergic stem
also reflect the fact that the lowest dose tested *as suffiLient to and a peripheral component mediated b the AP.
produce maximal attenuation of the amphetamine-induced CTA.
In the later instance. the use of exen loser doses na\ he 'ro- cdur,
necessar, to shox, dose-dependent haloperidol effects on amphet-
amine-induced CTA learning. The present data do not alloA an Histologicall. confirmed lesions "xere made in the AP of 13
evaluation of these alternate hypotheses. male albino rats. An additional 14 rats served as unoperated

Hos, exer. it is not clear vxh\. if the amphetamine-induced CTA controls. The details of the surgica! procedures haxe been pub-
depends upon the action of the drug at dopaminergic s\ napses, the lished previously, ( 14.15). BrietlN . the rats \&ere anesthetized wx ith
disruption of dopaminergic actix it\ produces onl, an attenuation sodium pentobarbital (35 m g'kg. IP). the AP exp,,'d ,nd c:,,,er-
of CTA learning and not the complete loss of the response. One ized under direct \ isual control. Follo *ing surger. all animals
possibiliti,- suggested h% Lorden er 0l. ( 10. is that (e intra'en- were giten a proph,.lactic injection of Bicillin IN).(X)() units.
tricular injection of 6-h.drox~dopamine. w, hich attenuates am- returned to their home cages and allowsed to recoxer from the
phetamine-induced C.A learning, produces depletion of both effects of the surger tor 3 4 weeks before beginning the heha -
dopamine and norepinephrine. In contrast. intranigral administra- ioral testing.
tion of6-hdroxydopamine causes depletion only of dopainine and The behavioral procedures were identical to those detailed
does not affect the acquisition of an amphetamine-induced CTA. aboe except that. beause there were no dose effects,. only a
suggestine that the combined depletion of both dopamine and single dose of haloperido sxas used (0.5 mg/kg. IPi. '!e intact
norepinephrine is necesar for the attenuation of an amphet- rats w\ere dixided into two groups In =7 en,,h:, one of which was
amine-induced CTA under these conditions. This hypothesis, given haloperidol follossed 3(0 ,-iin later by amphetamine (3
ho%, exer. is not consistent vxith the obsersation that treatment wx ith mgikg. IP). vhile the second group ,,as gixen an equivolume
the dopamine antagonists pinmozide and haloperidol are effective in injection of salin - ,)Iloked by amphetamine. All the rats with AP
attenuating amphetamine-induced CTA learning in a inannei lesions '2 treated with haloperidol followed by amphetamine.
similar to that obserxed followxing intraventricularl\-administered These procedures were similar to those utilized in a previous studx,
6-hvdroxvdopamine. because the effects of these drugs are r-- of the role of the AP in the acquisition of an amphetamine-induced
stricted to the dopaminergic system. It is possible that inir-,gral CTA ( 151. with the exception that the control rats in that studx
injection of 6-hvdro xydopanine does not produce the -ame pattern were not given an injection of isotonic saline prior to the
of dopanmine loss as produced b\ intraventriular injection, such amphetamine injection.
that specific structures that may be iiiportant in mediating the At the conclusion of the experiment, the operated animals were
CTA response may not hase i ,i affected by the treatment i). sacrificed with an overdose of pentobarbital 150 mg./rat. IPI and

Another possibility !-. y involve the area postrema. Although pertused intracardially with isotonic saline and l'" formalin
taste aversions prouuced by high doses of amphetamine (>1.5 saline. The brains were removed, fixed in formalin :,alinc and 50
mgikgl are :,ot affected by AP lesions 115.16h, aversions produced Lnm sections taken from the brainstem at the level of the AP.
b, lo,ier doses of amphetamine do seem to be mediated by the AP Representative sections of the AP and a lesion are presented in

151. AP involvement in mediating the CTA response to amphet- Fig. 2. Lesion size was somews hat variable, involving only the AP
amine may reflect the operation of two possible mechanisms,. in some cases, but impinging on the dorsal parts of the nucleus of
First. it may result from activation of dopaminergic receptors the solitary tract in others. However. no behavioral differences
located in the AP (9.12). Consistent with this hypothesis are data were observed as a function of lesion size.
showing that intracranial injections of amphetamine, unlike LiCl.
itoft the vicinity of the AP will produce a CTA (2,18). and that Resiultsi
lesions of the AP can alter the motor responses of rats to injection
of amphetamine (3). Howe\er. this hypothesis is not consistent There were no significant differences in average fluid intake
w*ith the present results because the haloperidol injection should between the three experimental groups. As sho *n in Fig. 3.
hase blocked all dopaminergic activity, both in the AP as well as pretreatment with haloperidol in intact animals attenuated the CTA
centrally, produced by injection of amphetamine, but did not eliminate it. In

Alternativel, the AP may be involved as the result of its the rats with AP lesions. however, pretreatment with haloperidol
activation by an endogenous, nondopaminergic. peripheral factor, produced a complete disruption of amphetamine-induced CTA
in a manner similar to that involved in the acquisition of LiCI- and learning. This finding contrasts with previous research 115)
radiation-induced aversions (13). This hypothesis \Xould suggest. showing that AP lesions do not. b, themselves, produce a
therefore, that amphetamine-induced CTA learning invo, .. both significant attenuation of a CTA follow*ing injection of 3 mgkg
a peripheral mediator as well as a central dopaminergic compo- amphetamine.
nent. It na r. therefore, be that the manipulation of dopaminergic Statisticai analvsis (if the data using an analxsis of xariance
synapses by neurotoxins or by use of dopamine antagonists affects followed by orthogonal comparisons (7) indicated that for the
only the central mechanisms involved in amphetamine-induced intact animals the saline-treated rats showed a significantlx re-
CTA learning, but not the peripheral mechanisms involving the duced test day sucrose intake compared to the haloperidol-treated
AP. This results in an attenuation of the CTA response rather than rats,. F 1 .23) = 6.67. --0.0(15. The comparison betxeen the intact
its complete disruption following manipulation of the dopaminer- rats and those %with AP lesions was also sionificant. F 1.231-
gic system. If this hypothesis is correct, then it should be possible 29.21. F< -0.01 . indicating that both groups of intact. rats shoxxed
to produce a complete disruption of amphetamine-induced CTA a greater test day aversion to the sucrose than did the group \\ ith
learning by combining haloperidol treatment with lesions of AP lesions.
the AP.

Discussion
-X PRIMENt 2

These result,, clearl] indicate that the AP is ins olxed in the
As indicated aboxe, this experiment %%as designed to esaluate acquisition of an amphetainie-induced CIA. As xa,, observed in
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FIG 2. Photomnicrographs kit sections kit the hrairNstern of an intact rat shok~ ing the area postremna (A. arro%%s and a representatie lesion B).

the first experiment of this series. haloperido! prctreatment atten- contribution of' the AP-mediated mechanisms are expressed in
uated the CIA produced by amphetamine. but did not complete]% behavior. Thus, the complete elimination of amphetamine-induced
block it. Pr--%ious research has shown that lesions of the AP do not CIA learning requires both the disruption of the mechanisms
aftect the acquisition of an amphetamnine-induced CIA "lien mediated by, the dopamninergic system as well as those mediated by
higher doses of amphetamine are used (15 l A comiplete disruption the AP. which are independent of the dopaminergie: system.
of the amiphetamnine- induced CTA %kas obtained only when the
haloperidol was, combined with lesions of the AP. 6EEA Dtw(SSION

A possible explanation for the present observation of AP
involvxement in the CIA followiniz administration of 3 mlg/kg The present results indicate that the acquisition of a taste
amphetamine may be that, in the untreated animial, the response of aersion followking injection of the dopamnine agonist amphetamine
the central dopaminergic systemr to the large dose of amphetamine involves two distinct mechanisms: a central mechanism :nediate-d
oxershadoks at relatixely weak response mediated bx, the AP'. by the dopaminergic systemn as well as a peripheral mechanism
leading to the acquisition of a CIA that is apparent]% niot mediated bs the AP. Complete disruption of amphetamine-in-
moidulated h% the destruction of the AP. In co~ntrast. when the duced CTA learning requires manipulations that affect both
activkit\ of the central dopatninergic system has been reduced by Mechanisms simiultaneously.
treatnment w~ith the doparnine antagonlist haloperidol. as tin the In this regard, am~phetamine seems to be somewhat unique. For
present experimient, or by other means (5,.it). 17. 2(). 21. then the both radiation- and LiCI-indluced aversions, destruction of the AP

is sufficient to produce the complete disruption of CIA learning
(I11. 14. 16). Manipulation of the dlopamninergic system by
intraventricular injection of neurotoxins (10, 17. 20) or by lesions

Intact Lesion of the dorsolateral tegmnentumn (2 1 ) hav e ne effect on the acquisi-

T1 tion of a LiCI-induced CIA. Similarls. pretreatment with halo-
m peridol (0,1 -4). 5 migkg t has no effect on the acquisition of a

radiation-induced CIA (Rabin and Hunt. unpublished results).
These findings, suggest that. v, ith the exception of amphetamine. a
dopamine agonist, the dopaminergic systemi is not routinely
inv ohed in thle acquisition of a CIA A ith'these toxins. Therefore.,
the present results, ssould suggest the h~pothesis that the acquisi-

V tion of a CIA miai in' olse distinct brainstemn pathways, depend-
ing upon thie ,pecific nature of the unconditioned stimulus.

'Ac t.%ish it, ackimoiledc'e the support of the Computer Science ('enter

skuppoied ht, the Armned For:es Raidiohioloe\ Resedich Institute,
FI Ct it haiioseridol .ind) .iri p stienia lesions ii the .icqiiisiiiii [)etetise Nucar .yi\ee nenr, nt-32. ikspeene nti

oI in aiihetaitniie-iordu~ed (CIA Prelereii~e ,ore, troit the [\it praps paper tie those ot the aiuthor,. it endorseitict hs' the Defense Nuclear
int tr,i. .in ,) iii ' re shickn it) the leiti-hind p !nc r 'ii rait, \kith -\P A ,cni, s it ha~ een _ne n e i rshould he iterred. Fhis rvea~rch ,ikas coniducted

lesion'.. iii the riet-handl panel the dati li ithe .tihi_,ineil roL p ticcordinv I-, the principles decribned in the G(uide lor the Care and U'se
has been re- .ik ldlite toiin (5I t Liror b,' idi- ie the 'tantdard rl, iii o i [_tibritor\ Aniii,s' repircd hN the Itistitute ot I .ibralitor Animtal
the rnin Re'.eatiIt N ,itt. 'nil RC'.eai. h Counci
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L-LEUCYL-L-LEUCINE METHYL ESTER TREATMENT OF
CANINE MARROW AND PERIPHERAL BLOOD CELLS

INHIBITION OF PROLIFERATIVE RESPONSES WITH MAINTENANCE OF THE CAPACITY FOR AUTOLOGOUS

MARROW ENGRAFTMENT'

ROBERT F. RAFF,2 EILEEN SEVERNS, RAINER STORB, PAUL MARTIN, THEODORE GRAHAM,
BRENDA SANDMAIER, FRIEDRICH SCHUENING, GEORGE SALE, AND FREDERICK R. APPELBAUM

Fred Hutchinson Cancer Research Center, Neattle, WaLshington 98104

Incubation of canine marrow and peripheral blood Recently, Thiele and Lipsky have described a dipeptide
mononuclear cells with L-leucyl-L-leucine methyl ester methyl ester, L-leucvl-L-leucine-methyl ester (Leu-Leu-OMe)*
resulted in the inhibition of mitogen- and alloantigen- that can eliminate natural killer cells (NK), monocytes (Mo),
induced blastogenesis, the elimination of allosensitized and precursors of alloantigen-specific cytotoxic T cells (pCTL)
CTL and NK activity, and prevented the development from mouse spleen cell suspensions and from both mouse and
of CTL from pCTL. The effects of these incubations were
similar to those described in mice and humans. Addi- human peripheral blood. This treatment leaves intact B cells,
tionally, in vitro CFU-GM growth from treated canine helper T cells, and murine erythroid and hematoooietic stem
marrow was reduced, but could be regained when the cells (11-14). In a murine histoincompatible marrow transplant
Leu-Leu-OMe-treated marrow was cocultured with model (C57BL/6J-(C57BL/6xDBA/2)F,), treatment of donor
either untreated autologous peripheral blood mononu- marrow and spleen cells with Leu-Leu-OMe resulted in suc-
clear cells or monocyte-enriched PBMC but not with cessful donor marrow engraftment and the development of
untreated monocyte-depleted PBMC. Six of seven dogs stable long-term hematopoietic chimerisni without GVHD (14-
conditioned with 920 cGy total-body irradiation en- 16). The use of Leu-Leu-OMe to treat marrow may have
grafted successfully after receiving autologous marrow advantages over currently used methods. The use of Leu-Leu-
that was incubated with Leu-Leu-OMe prior to infusion. OMe is very simple, requiring but a single 15-min incubation.
These cumulative results indicate that incubation with
Leu-Leu-OMe is a feasible method to deplete canine In addition, it appears that marrow incubation with Leu-Leu-

marrows of alloreactive and cytotoxic T cells prior to OMe results in the elimination of the cells responsible for acute
transplantatior.. GVHD while at the same time preserving hematopoietic stem

cells needed for engraftment and the cells required for immune

The success of allogeneic marrow transplantation as treat- reconstitution (15, 16).

ment for malignant and nonmalignant hematopoietic diseases We and others have used dogs as a large, outbred animal
has been restricted by the serious complications of graft-versus- model for us in experimental marrow transplantation ( 17, 18).
host disease (1, 2). Experiments in a variety of mammalian The present studies were undertaken to determine whether the
marrow transplant models have shown that removal of mature incubation of canine marrow and peripheral blood cells with
T cells from donor marrow permits engraftment without the Leu-Leu-OMe would yield alterations of in vitro cellular im-
development of GVHD (W-6). Based on these and similar mune function comparable to those described in human and

observations, studies have been carried out to evaluate the murine cells and to investigate the effects of marrow incubation
effects of T cell depletion prior to allogeneic marrow transplan- with Leu-Leu-OMe on early hematopoietic progenitors and
tation in humans. Most studies have employed marrow treat- stem cells assayed for both in vitro and in vivo function.
ments with anti-T cell monoclonal antibodies plus complement MATERIALS AND METHODS
or with soybean iglucaliiuiIoWd by F rosette formation and
density gradient centrifugation (7-9). In general, removal of T Dogs. Beagles, hounds, and mixed hreed hounds, obtained from
cellsit hadent associfgateith a7-9). mark neae reasn bot commercial vendors in Washington and Virginia or raised at the Fred
cells has been associated with a marked decrease in both the Hutchinson Cancer Research Center (FHCRC), were dewormed and
incidence and severity of GVHD. However, the use of T cell- vaccinated against distemper, hepatitis, leptospirosis. and parvovirus
depleted marrow has also been associated with an increased before use in this study. All dogs were at least six months of age and
incidence of marrow graft rejection (10). were maintained at the FHCRC canine kenncl facilities per guidelines

stipulated by the National Academy of Sciences National Research

'This wiirk was supported by (;rants CA31787 and ('A18105 from 'iuncil. The research protiicol was approved by the Internal Animal
the National Cancer Institute, Natiiinal Institutes of Health, DIIHS. (are and Use Committee at the Fred Hutchinson Cancer Research

and by cointract I)NA (t1-86-C-0192 iif the Defense Nuclear Agency, (enter.

Armed Forces Radiohiolg, Research Institute. Views presented are Medium Waymouth's M13752/1 medium iFHCRC media prepara-
those of the authors; no endorsement by the l)efense Nuclear Agency tion facilityl, supplemented with 0A1 mM nonessential amino acids and
has been given or should he inferred. Research was conducted according loo t'/ml penicillin and 11)0 mg/ml streptomiycin all from GIBCOr

to the principles enunciated in the ";uide for the ('are and U se of
Laboratorv Animals" prepared by the Institute of laboratorv Animal *Abbreviations: l[eu-leu-OMe. l, leucvi-1,-leucine-methvl ester;
Resources, National Research Council. Me, monicvyes; B-MIC. bulk MI.C, NWNA nyhin.wiol nonadherent;

-Address reprint requests t) R. F. Raff, Fred Hutchinson Cancer C'FU-C, colhny forming unit in culture; PEI)S. postendotoxin dog
Research (enter, 1124 Columhia Street. Seattle, WA 98104. serum; ('TAC. canine thyroid adenocarcinoma cell line.
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was used for the dilution of heparinized whole blood and marrow for tions that contai ned 0A J I/ nl D)NAase (\Vrthirigtn Enzvrnes and
the cell separation procedures. Waymouth's medium supplemented as Biochemicals. Freehold NJ). After incubation. these cells were washed.
above with the addition of l0"' to 20'; heat -inactivated (56 C) normal counted. and reinfused within 1 3 hr.
pooled dog serum (M-NPS/10 20"i ) was used for the mixed leukocyte Mixed liukocyte culture and mitog'n usas. MIA's were established.
culture microassays, hulk MI,( (B-MI.C. cell-mediated lvinpholysis, labeled with I 1-1 thyrnidine. harvested, and prepared fbr liquid scintil-
and NK assays, lation counting as previously described 123) with minor modifications.

Cell prcparation. Peripheral blood mononuclear cells were obtained The 10" Leu-Leu-OMe treated or untreated responder and 10 irradi-
by the centrifugation of heparinized venous whole blood (diluted 1:2 ated (2300( rads untreated, stimulator PBM(" were coicultured in a
with medium) over Ficoll-Hypaque density gradients iSp. density final volune of 2)0ul M-NPS/20'1 per well. Mitogen stimulation was
1.074) as previously described 119). Bone marrow cells (BMC) for in assessed by adding either 375 Mg/nil PHA iDIFCO. I)etroit MlI. 200
vitro assays were obtained by syringe aspiration from the humeral head Mg/il Con A, i(albiochem, San Diego CA). or 200 Ug/ml PWM

of an anesthetized dog. The marrow was diluted 1:2 with medium and ((;IBCO, Grand Island, NY) tol 10 treated or untrcatea responder cells
overlayed onto Ficoll-Hypaque density gradients for centrifugation in a final volume of 200 ml lf M-NPS/20"'. All cultures were established

0(K0 x g), following which the interface cells were washed once with in triplicate in microtiter plates (Costar No. 3799. Cambridge MA) for
hemolytic buffer and twice with medium. The PBMC and marrow cells 7 days at 37 ('. 7, (), in a humidified incuiator.

were resuspended into medium for cell counts and viability ;1.,sessment Bulk MLC (B-ML(') and cell-nediatcd lnipholvsts aLsav.s. Bulk
using the trypan-blue exclusion technique. MA'Cs were est'blished using either untreated or Leu-Leu-OMe-

Monocyte-enriched cells were obtained by treating PBMC with the treated PBM(' or marrow cells as responders, and untreated, irradiated
anticanine murine monoclonal antibody Dly 6 (20) as follows: 300x 10' PBMC as stimulators, to generate CTL, for CML assays, as previously
PBMC were incubated for 30 min at room temperature in :t0 ml of described (19), with modifications. CTL were derived from these cul-
1:100 diluted Dlv 6 (ascites containing antibody), and then an equal tures to form two CMI, assay groups: kI) responder PBM(" or marrow
volume of 1:2 diluted rabbit serum complement (Pel Freeze, Rogers, cells treated with Leu-Leu-OMe or MeOH on day 0 prior to mixing
AR) was added for an additional 60 min. The cells were washed once with irradiated stimulator PBMC in B-MIC (day 0); and (2) Leu-Leu-
with medium, resuspended in 30 ml of 1:3 diluted rabbit serum comple- OMe or MeOH treatment of 7-day B-MLC generated CTL (day 7).
ment, and incubated again for 60 min. After washing twice in medium, CTLs were mixed at a 50:1 effector:target ratio, with :Cr-labeled "Na
these cell suspensions contained 61±8"' (SEM) viable monocytes, 16± CrO, (300-500 MCi/ml, NEN, Wilmington DE) ('on A-stimulated
3% lymphocytes, and 23±9c granulocytes, primarily eosinophils. PBMC targets. Cultures of PBMC to be used for targets in the CML

Monocyte-depleted PBMC were obtained by first passing PBMC assays were established on the same day of B-MLC. and stimulated
over nylon-wool columns as previously described (21), and then trans- with Con A on day 4 of culture. The 4-hr 'Cr release assay was
ferring 30x10" nylon-wool-nonadherent (NWNA) cells in 10 ml of performed as previously described (19). The mean spontaneous/maxi-
medium, containing 5 7 fetal calf serum, into plastic petri dishes mum "Cr release ratio was 16±1%'' 1± SEM). while maximum release/
(Falcon No. :300:3, Lincoln Park, N.J) for 2 hr incubation at 37°C, 7, total 'Cr incorporation was 90±2%' for targets used in this series of
CO:. This depletion technique yielded approximately 95±1% lymphoid CML assays.
cells with greater than 90'' viability and less than 3"' monocytes as Proliferation of treated or untreated responder PBMC or marrow
determined by morphologic assessment of Wright-stained cytospin cells in 7-day B-MLC was measured by distributi.ng 2(0)-Al aliquots
preparations. from each B-MLC flask into triplicate microculture wells and labeling

Preparation of Leu-Leu-UMe. The Leu-Leu-OMe was synthesized for 7 hr with I'Hithymidine. Cell harvest and liquid scintillation
from l,-leucyl-L-leucine (Sigma Chemical Co, St Louis, MO) as previ- counting were performed as described for MLC (23).
ously described (11). Qualitative assessment of Leu-Leu-OMe purity Natural killer cell (NK) assays. Leu-Leu-OMe or MeOH treated or
was obtained by thin-layer chromatography (TLC) (22). Briefly. 5 ,X of untreated PBMC and marrow cells were assayed for NK activity against
5x10 ' M solutions of L-leucine methyl ester (Leu-OMe) (dissolved in a "Cr-labeled canine thyroid adenocarcinoma cell line (CTAC) in a 18-
absolute methanol), L-leucine (Leu), L-leucyi-L-leucine (Leu-Leu) hr assay with the percentage of "'Cr release calculated as previously
(both dissolved with heat and stirring in absolute methanol containing described (24).
0.5 N HiCI(. and the synthesized I.eu-Leu-OMe were applied to pre- In vitro marrou cultures for CF -GM groicth. Leu-Leu-OMe and
coated TLC plates (250uM, 10×X20-cm, HPTIC Kieselgel 60 (Merck). MeOH treated and untreated marrow cells were tested for in vitro
Darmstadt, West Germany), and quickly dried under a stream of warm hematopoietic progenitor growth using an agar-based colony formation
air. The plates were developed for 2.5-hr in an enclosed, equilibrated assay that utilizes postendoboxin dog serum (PEDS) as the source of
system containing the following mixture of reagent grade solvents: colony-stimulating factor (25). Growth of granulocyte/macrophagecol-
chloroform, absolute methanol and acetic acid at volume ratios of onies (CFU-GM) was assayed in cultures containing 10, or 3X10'
19:0.6:12-5, respectively. The migrations of the four compounds were treated or untreated marrow cells onl.,,, and in cultures in which marrow
visualized by applying an aerosol spray of 0.2% ninhydrin in ethanol cells were cocultured with either 10' autologous PBMC, Mo-enriched
and then placing the plates in a 60C oven for 30 min. R, values (the or Mo-depleted PBMC, or Leu-Leu-OMe treated PBMC (incubated
ratio of the distance the compound travels to the distance the solvent with 1000 pM Leu-Leu-OMe). Cultures were incubated in triplicate for
front travels) were calculated, in order to assess the resultant migra- 10 days in a :37C, 7% CO- humidified incubator and GFU-GM colonies
tions, according to the following formula (22): were enumerated as previously described (25).

Autologous marrow transplantation. Marrow for autologous trans-
distance traveled by compound plantation was obtained by a vacuum pump aspiration procedure (26).

distance traveled by solvent front processed oiver a Ficoll-Hypaque density gradient and incubated with
Leu-leu OMe. All recipients were conditioned with 920 c(;y total-body

Leu-Leu-OMe was stored at -20'C in absolute methanol and. based ir'idiation delivered as a single exposure from two opposing '"'Co
on repeated L( analysis, was stable for at least three months, sources at 7.0 c(;y/min (26). The iecipients were infused with treated

Incubation of !'BMC or marroiw cells iwith leu-l_,u-((M#-. Equal autologous marrow within :3 hr of TBI. Supportive care pre- and
volumes of PBMC iir marrow cell suspensions and Leu-Lieu-OMe at posttransplantation with antibiotics, i.v. fluids, and whole-blood trans-
the indicated final concentrations were incubated fur 15 min at room fusions, was given as previously described (271. In addition, recipients
temperature. ('ells for in vitro studies were washed twice and resus were given oral antibiotics (Neomvcin sulfate and polymn yxin B sulfate)
pended in medium. Marrow cells used for autilogous infusion were daily for five days before TBI and posttransplant until the granulocyte
incubated at cell concentrations of 20XlO'/ml in Leu-Leu-OMe solu- count reached 500/mm :.
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Thin - lasr ch romatographic tnlttO/\ o Nswith \tlisiZed( Li'u Lu ' -

()Me. Three hatches oii Leu- Lfu-()Me were svnt hesizeci f r use ~ - x0 6
2x0

in the in vitro studies and tiutitlogttus t ransplant experiments
described. Consistent R, vallues were obtained l'r each bat ch of* Z;n
Leu- I eu-OMe and for the three ciont rid compounds tested.
Within the Lei- Leu-O.Me, there was secondary spot that P AMV el
migrated with at R, \alue equal toi that observed for the LI
L~eucvl- L-leucjne. 1'he consistenicy of the 11, values indicated 2q t5

that constant yield and purity wais achieved with minimal
batch-to- batch variatioins. ?5------------- -

1,iabihity of BA!'' 'i narro~u cc/Is after inc-ubation 14ith LO..
Leu-Li'u-OA~e. The viability% of treated l'BM\(' and niarr-,w celP
was assessed withbin Ihr after incubation with L~eU-ILeU-OMe. ii~ CF 1. Fftect itt Leui-Ieu-O~le 'in alliiant igen- and mnitogen-

There was no significant difference in) viabilit ies oibserved in induced lvmphiiCYtt !!astogenesis. lData for I filthvmnidine incorpora-

cells treated with either ILeu-ILeu-OMe (ip to 100(0 MM), 0(.5"7 tion are mean tpm±SlsM f'rom n,u;t pie assays in w&hich I'HMC were

MeOH in) PBS, or P~BS only. No time-course sttidies were done tetda ocnrto f2 0 r2XO el/l

tci assess the viability of' PBMC and ma-row cells more than I
hr after incubation with Leu-Leu-OMe. /.51l(- Reilease

Eliminatioin of a/loan tigen re'sponsiv.eness and mitogen-in- - 10 20 30 40
duced /vmpjhocwto blasttgenesis by incubation of I'BMC with --

Leu-Lcu-OAP. PBMC were treated at either 2X10' or 20X10/
1250ml with leu-leu-OMe and tested in micro-MLC, and blasto- Day C) -o

genesis assays (Fig. 1). In all assays there was a leu-Leu-OMe
dose-dependent reduction in the proliferative response such Dy7 250

I i500that virtuallv no blastogenesis was observed after incubation 0a 00 PBMCJwith 1000 MM leu-leu-OMe.
Treatment of'20X 10 responder PBMC or marrow cells be- -

fore bulk MLC resulted in similar Leu-Leu-OMe dose-depend- - N il-

ent reductions in proliferative response (data not shown). The Day 0 1000

marrow cells gave a lower baseline level of' ['H Ithymidine f250K_
incorporation and were more sensitive than the PBMC to Day 7 -500 C
treatment with ILeu-ILeu-OMe (data not shown). Treatment of' 00
PBMC marrow cells with 0.5"1 MeGH in P~BS had no effect on __

the alloproliferative response in B-ML(? (data not shown). FnwtRE 2. CML assays illustrating the effect o~f' Leu-leu-OMe

Elimination of the generation of antigen -specific cytotoxic T treatment on p-CTrL (day 0) or on 7-day B-ML1k generated CTL (day
(vpove vcb atoyfPM admroclswt -u 71, derived either from PRMC or BMC. The ordinate indicates .mean

- - percentage of 'Cr release ± SEM using specitic alloantigen-sensi' izing
Leu-OMe. The effect of Leu-Leu-OMe on the generation of' Cr-laheled Con A-stimulated PBMC as targets.
antigen -speci fic cytotoxic T cells was measured by incubating
responder PBMC and marrow cells with leu-leu-OMe (day 0
treatment). and then testing these cells in a standard CML o, 

5 11"r Reie.-se
assay after 7 days of culture in B-MLC. Treatment with 1000 V. 0 -1 30 __45 1 ' 3;- 45

1pM Leu-Leu-OMe eliminated the generation of cvtolvtic activ- ' -_ - - --

ity against Cr-labeled alloantigen-specific Con A-stimulated so0 I - ,-

PBMC (Fig. 2(. These results indicated that the generation of' N' 41

CTL. from precursors is sensitive to incubation wth Le20 I -

OMe. The effect of Leu-Leui-OMe incubation on CTI. already 52 8

generated in 7-clay bulk MLC (cay 7 treatment)I was also 1

evaluated. This treatment eliminated antigen-specific cytolYtic 8 I

activity (Fig. 2). Treatment with 0.5"; MeOR. either oni day 0 1)17 4C

or day 7, dlid not interfere with either the development of'CTI,
or the specific cytolysis of targets assayed on day 7 (data not ~

son.PBMC BMC
Elimination of NK activity' after incubation of !'BMI( and -1 -j I

marrou- cci-e/ with Leu-Lo'u-0Mc. Marked dimunition of' NK E ; F 3 p]Lt 0%etra etoANCadRIeiiae
activity, in a dose -dependent imanner, was seen after incubat ion NKx cvtiilvtic actvitv. The ordinate indicates tnean percenttige of'- Cr
(If IPBM( or marrow cells with I~eu-l,eu-OMe. and NK activity release ± SEM from t'TAC at three iiferent effectiir:target i E:T1
was essentially' eliminated after treat ment with 10001( /M Leot- ratios. For this series of as.sayvs, the mean sponttoneolis/maxitnum 'Cr
Leu-OMe (Fig. :1. rveeeratio was 2:t1 I I± SFM and the maximum release'total Tr

In ttro ( ti"(' colon growuth reduc-tion hY Leo - Lu-OA1' incorporation ratio wit. fi0± 7/
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treatment of marrow cells. There was a marked reduction in C521. but the treated marrow cells of ('58)) did not clump and
CFU-GM colony growth obtained from marrow cells incubated this dog survived with rapid engraftment. Dog 13B3701 had to
with varying concentrations of Leu-Leu-OMe (Table 1). Mini- he euthanized on day 19 posttransplant due to an accidental,
mal CFU-GM growth was observed with 10' Leu-Leu-OMe severe, foot injury that failed to respond to treatment, but did
treated marrow cells per plate were cultured. There was some show evidence of engraftment as indicated by a rise in WBC
recoverv of CFIJ-GM growth when the cell number was in- and the marrow cellularity at autopsy*.
creased to 3X10 treated marrow cells per plate, but only to a DSUSO
level that was approximately 25"i of that observed with :3x10I)S::SIO
untreated marrow cells. Addition of either untreated, autol- Thiele and Lipsky have demonstrated that exposure of mouse
ogous PBMC or Mo-enriched autologous PBMC increased spleen cells or human perip~heral blood leukocytes to Leu-Leu-
CFU-GM growth, but not to the levels observed with untreated OMe depletes these populations of' monocytes, NK cells, and
marrow cells in similar cocultures. The addition of Ms-depleted cytotoxic lymphocytes at bo0th the precursor and effector stages
or Leu-Leu-OMe treated autologous PBMC to treated marrow of 'differentiation, without apparently affecting other cell pop-
cells did not augment growth. ulations (711-13). They further showed that incubation of mix-

The effect of incubating marrow cells with Leu-L'u-OMe on tures of' murine marrow and spleen cells with L~eu-Leu-OMe
autologous marrow engraftment. Six of the seven dogs given did not interfere with engraftment and could, in certain circum-
Leu-Leu-OMe treated autologous marrow engrafted and did so stances, prevent GVHD (14-16). In the studies presented here,
with kinetics similar to those seen in recipients of' untreated we found that canine peripheral blood and marrow cells behave
autologous marrow (Table 2 and Fig. 4). Platelet counts re- similarly following exposure to Leu-Leu-OMe with the elimi-
turned to normal levels between 20 to :30 days posttransplant. nation of' functional monocytes. NI cells, and alloantigen-
Dog C521 did not survive past day 20 posttransplant. After sensitized CTL, and inhibited the development of' CTI. from
Leu-Leu-OMe incubation, the marrow cells from this dog were pCTL. Further, we found that incubation of marrow. cells with
clumped and had only 20'( v iability, result ing in the infusion Leu-Leu-OMe (even at very high doses) did not inhibit autol-
of a verv low marrow cell dose. The marrow from ('5t0 was ogous engraftment in recipients conditioned with 920) c(;,, 'FBI.
incubated with the same concentration of' Leu-Leu-OMe as These studies also demonstrated that the treatment of canine

TABLEt- 1. In vit ri ('Ft-GMv colon v griowth front m arrowk cellIs incubated with varying concent rations, of- Leui-Leu-O~le

CFI GNI t Imil ianittandI trn C') C C111 ,nii re.

L I Litt (N 1.0 t)X (in ltre.' txo BI 'coti- h rl,'

N1 Mi o II NIiiX III .eu-Lentli-W N, 11) Io Xli, III N10 W Lenlan-O Wle
is-oliri PHIC crm hi-i uel,.lited t rieateid tOMI -culture 11(3IC enri(-lell depteted t reatedl ('OMt

Nil 66± 13 841±9 96± 15 76±23 78±13 207±+1.5 255±t18 348±9 288± 7 252±1 7
25)) 0.4±01.2 64+:t2 55±31 179±63
50)) 0 1 4±8 3t±2 51±2.1

10010 1.2±11.5 01±3 29± 1l 2-1 2+0.6 8±3 42±;3 74+29 0.2±0.3) 3+1
20001 2±1 5±2 2±10.8 13-5

41000 0.7±01.6 11±5 0.9±0I.5 16±9

Represented are mean values ± SEM. obtained from multiple experiments in which triplicate ('FI-GM cultures were established for each
paranmeter tested.

All (-(,cultures emploYed autologois cells. The limited Yield of Mo prevented cocultUre with all concentrations of' Leoi- Leu-O.Me tc.,ted. There
was no ('Ft' GM growth when untreatedl I)BI( (between 101 to 6XI /0 ml) were cultured without marrow cells.

[he concentration if marrow cells treated was constant at 201X 10/ml.

TAHiF: 2. Recipients conditioned with 921) cGY TBI and receiving Leu-Leui-OVe treated autologous marrow~

D-ll ti) ti-n] Lel Iek! N, , lale SurIoal
ri-lit-il (INIC Ila.-. just Caliusi o( del 11 Naror, - .vlilart.

NI.nhlod to'Ikg B MTl

('563) 100"~ 1 .1 152 Sodium pentothal Normocellularitv (:I cell lines)
1313871 of 10001 11.7 19 Sodium pent ot hal" 75",' of Normi cel hilarity 0:

cell lines)
(622 11111) 1 I >124 Still living Normocellularitv GI cell lines)I
C5 21 20011( 0.052 20 P'neumonia: sepsis Focal hematopoilesis
(t581 200101 1 .67 1 73 Sodium pent ot hal" Normocel lany - G cell lines)
1395o1 401))1 1 .3 11 4 So diu m pent ithal' Normocellu larit y (0 cell lines)I
C662 4100__ 1. 11 2 Sodium pent ot hal' Nortaucel I tlarity 18 cell lines)I

Autologouis marrow aspiration. BM( treatmnt. and inf~usion on same dav as 92(0 cGy 'FBI to recipient (13VIT: h~one marrow transplant).
20X Ill 13M(/ml treated with Leu-Leii-OWe
Viability oif bone marrow cells infused dletermined hY trypan-blue stain exclusion technique.
Sodium pentiithal injection for euthanasia at end (If'studY.

The Leii Leui-fMe treated autologous marrow was froz.en and stiored at -81CC for one week priiir to reinfusion. TIhe procedure for marrow
crvopreservation was as described (26).
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Abstract. The effect of recombinant human granulocvte- monocvytes. and lymphocstes by recombinant human GM-
macrophage colony -stimulating factor (rhGM.-CSF) on ca- CSF lrhGM-f SF).
nine hematopoiesis was evaluated. rhGM-CSF stimulated
gr~anuloc~ te-macrophage colony formation ofcanine marrow Maeilanmthd
depleted of accessory cells up to tenfold. Stimulation of col- Maeilanmthd
ony formation was abrogated by anti-rhGM4-CSF antiserumn Experimnental animals. Twelve dogs of both sexes and vanous breeds
or heat inactivation. rhGMI-CSF also stimulated in sivo ca- (beagles, foxhounds. or mongrels). 6-14 months of age. were treated
nine hematopoiesis both when given as continuous iv. in- with rhG.M-(SF or were used as a source of marrow for in vitro

culiure assavs. Animals were either raised at the Fred Hutchinsonfusion and as intermittent s.c. injections. Neutrophil. mon- Cancer Research Center lFH-C RC) or purchased from commercial
ocyte. and lymphocvte counts were increased three- to US Depaniment of Agriculture licensed dealers. Dogs were quar-
eightfold above controls. %hereas values forcosinophils. re- aniinvdonamval f-ora minimum of2 months before being released
ticulocytes. and hematocrits were not changed. Bone mar-row for use. All dogs were dewormed and vaccinated for rabies. distem-
histolog after 2 weeks of treatment with rhG%1-C'SF showed per. leptospirosis. hepatitis, and par-%ovirus. They were housed in

an American Association lor Accreditaition of Laboratory Animal
hvpercellularit\ with miecloid hvperplasia and left-shifted Care accredited facilits in standard indoor runs, and pros ided com-
granuloc,,topoiesis. After discontinuation of rhG%1-CSF. pC- mercial dog chow and chlorinated tap water ad libitum Animal
ripheral leukoc\ te counts returned to control lev el w ithin 3- holding areas were maintained at 7(r -2F w ith 509b - I Wo relativ e
7 daxs . Platelet counts decreased rapidly after starting rh(jMl- humidit using at least 15 air changes h of 100% conditioned f ,resh

air. The dogs were on a I12-h light dark full spectrum lighting escle('SF to 5000- 15.0010 platelets, mm'. and increased \sih~n wiih no twilight. The protocol for this studv %as appro'ed b% the
24 h after stopping rh(iM\-C'SF treatment, whereas marrow internal animal use committee of the FHCRC.
histologx after 2 weeks of rhGM-CSF application sitowed the
normal numbcr and morphology of rrnegakar-xoc\ tes. rHt(;.'M.(iS1 The rh6'sl-C'SF used in this studN was prepared and

prosided h% Immunex Corporation (Seattle. W ashingioni. Human
Ke'. "ords: (.S1.CSF - Canine hematopoiesis rhGN1-CSF eDNA "as isolated from a librarN constructed by using

mRN-\ from ihe human I-c:ell line HU~T-102 (4]. inserted into and
espressed in %cast, and punhed to homogeneitN tb reversed-phase

Gran ulocy te-macrophage colon\ -stimulating fa-ctor ((;%- high-periormance liquid chromatograph% (SI The purified rh6%1S-
( SF) is a T-cell-dertved Imphokine with a broad range of ( SF had a specific aetisiis of -.5 10 colons-forming units.mg

biological activ ities. It stimulates the proliferation of' neu, of protein. It consisted of ihree molecular weight species of 15.5(00,
tri~phl. in N00. and 19.500 dalions. due to dilterences in gl%eos'.laiion The

trpi.macrophage. and ensinophil colonies and, i the threc species were preseni in approsimatlsl equal proportions Endo-
presence of cr\ thropotetin. supports the proliferation of crs toxin contamination was ] ng ing ot protein as measured hi the
throid and mcgakarxoc\ tic progenitors [11-31. (,IM-(SF also .imoi/ii amehoc~te 1%saie assav

represents an important functional actis ator of granuloc~tc% abtainritt h l-Rhi nicu or(sI(S
and ono~t" 2. 1. Hman(J%-(-S inits ati e frm -, was pros ded hs Immunes Corporation and was prepared hs im-

asariably gl'.cosvlatcd protein with a molecular weight of' munizing rabbits with puriiied rh(i\l-C SF The animals wrre bled

15.000-3 1.00011 daltons 131. The cloning of the gene encoding 10 days following the lasti immunization Serum dilution ol 1 100
human ()%S 4SF 14-81 and the expression of this recomibi- was ettectise in neuiraliz'ing 31ig, ml nil rh( ,\.( SF in the humnan

nant protein in east fl)). mammalian cells 1101, and I tit hiine marrow proliferationisi

crichio co /t I I I I made it possible to stud the biological aic- ''eutipint ,I oih /:(, %/( st Doigs were gisen ih( ,\I.( SIt
tis ities iof this hormone in k utrn and in kiSo either s tree inrics a li'. or h% cininuoius i intusiin, tisiig a

This study describes slim ulation of- canine gran uloc\,c- LL-itral %eniius ajihetcr and .1 poritble intusion punp iIn I uoted 2i i0
macrophage colon\. -firmi ng unit I(f .f- r-( colony for. MIe I usiin iS stems I n,,rporated. NOrs01% ros I ogi I reitral \e.

matin ad icrese f dg pripera blod eutophls. nous catheters were inserted under geineral ,incsihesia thriujh ihe
matin ad inreae o dogperpherl boodneutophi~ external jugular % eim " da\ S hefore starting the esrk'ri nn 11, allow

for healing tii the ound Thle catheter wais kointo to in Intuimed
4ddes ri'prir r ,ess ti D~r Friedric h 0 Schuening. F red li uteb. 2001 portahle inlki utin pumnp. %Otich was placed In a ake 1ci fttd

inson C~ancer Research ( enter. 1 124 ( olumbhia Street. Secatili'. \% A, around the trunk of the dig Ih ticer' it ii the pumip was t illed
98104. ISA dLIMd wih It). 10. or it) 1,g rl ,1S in mii o w,. \a(lI
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M0 \looootains% c" ( iIoirniac t cs thin 2- I h%-I positis e clI wI-ri-

60
r- -~ I iIf a%,.,i 1 .- ( it aNas s%% rc carried (lit as Jescri hed13

I ~~141 MM N) paraitd os r a I- icol-I Ispaque gradient and deCpleted
p I oI inonoestes aid Is ml[phoctes as J-crt bed ahose were cultured

.04at 001 -0 plate for 10 dass at 1-C in a humidified 10"no ( 0
I -~ -incubator in 1

5 -inin plastic petri dishes containing 2 mil of agar
M~tediutm. I hi agar mtedfiunm consisted of an equal olumne mixsture

2 ~ ~ ~ ~ . 1 strength Duhl cl';moiief meiu (GI and ouble-i
40"o (%f o l Iheat-inactivated K S. Poistendlotox in dog serum or

p I rh( i N-( SIF was added fto the petri dishes (01 nIml plate) prior to the
ICayar-itediurn mixture containing the hone mar-rowk cells.

o 0 0Resulls

G.-CSF og/,l frainb hA- S-
FIR. 1. Effect of rf-(GM-('SF ,mn canine (F1-GNI colon". formation. firtitit er(-(S-

%INC (3 0 O plate) depleted of monocytes and T -lNItmphoc~tcs Recuombinant human (iN-(SIF "as added to the (CFU-GMN
were cultured for l1t daNs in agar medium without and with additton cltrstdterncnctrins u repaswth t
of rhGMk-(SF at decreasing conicentratitons. Culture Vere plated in
tiplicate. Data represent mean values -_I SD) of tw separate ex anys addition ot'growth factor served as negative conrol and
periments. plates with 10%/ postendotoxin dog serum as positive control.

In two separate experiments. an up to tenfold sttmuation of

containing 1% normal dog serum. The infusion rate wkas 2.5 nil h seredcoae d ton erne atieonto (big r I).S wnas eprat
at an accuracy of - 5 Control dogs received either human serum sr dcmae , h ea.ecnrl(i.I) nasprt
albumin or heat-inactivated rhONM-(SF ( l(-, 30 min). experiment. rh(iMv-( _SF was eitler incubated for 30 min w ith

aoti-rh( ;N-( SF: antiserum (diluted 1:100) or heat-mnaci-
. 1arroWs aspiration and hiopiv For marrow aspiration dogs were kated at lI 0 C f ,or 310 win before idding the growth factor
anesthetized by iv. injection of FentanNl linnosar-Veil at 01 nip t h utuepae.Te naiuae rG -S tm
kg. t he collectIiron site wkas asepticalk I cleansed with a pos dione- tohecluepas.Fl:nm iuacdrCl(S i-

iodine scrub and alcohol rtnse. Bone: marrow w~as ohtained from the ulated (tI '-( IMl colony formation up to flourfold compared
humoral cond~le via needle aspiration using a sterile 20-tn) ss ringe to the negative ciontrol. Recoinbinanot human (I I-CSF treat-
andi 14-gauge disposable needle. Bonec marrow was collected It)0 ml) ed w till either anti-rh( i N1 -(SF antiserum or heat inacti \ation
friirt each dog at 3-%t -.k intervals. Marrow biopsies were iobtainoed did not shosw an , stimnulator-s acti% wt. abo\ e the colon\ growth
from the humorat cuinds Ic using Jamshidi hone marrow needles,
IArnerican Pharmaseal Company. V'alencta, California). in the negativel ciontroil (Table II. Anti-rh(JM-('SF antiserumn

by itself did niot hasve alls effect cOn (FL -( NI colony growth
Ictumi~' of rnonocto't and 1-- /rntpho( co'u tr~ mtarroiv Bfone mar- (data not show n). These results are consistent xx ith thle toot ion

row was diluted 1.3 with R11M11-16401 toediuto (MI \. Ioprodukts. that rh( NI -( _SF specifically interacts "x fih canine(FI- iN

Wa) kersville, Mars land) and separated hs densit% gradient centrif-
ugation over I-icoll-fi\ paque (densits 1 .077 F, no)) at 10010 e for 3W
mm (Cells at the interface were washed twice in IRPMI- 1640) noediuto .NoiiduJi~fin otf h~u' 'mbt ./
and resuspended at 7 - 0 ' mononuclear marrow cell-, (.IN( ) per
nil in RFI'MI1- 1641) nmedium containinog 10% fetal calf- serum (I ( S. MI111i/Ilis~ I tI.tIiljt''i if 016( If o
GiIB( 0. Grand Island, New York) To remove momwcktex. 15 ml
of this cell suspension were incubated for I h at 17'(' in a hurnid Three dhogs \sere treated with 10). 10 or 9(0 "g rh(iM1-( 'SF
atmosphere of 10% (1 () in air in the presence of 21)) nog carbons I per kg das, b, ciontinuous I.\. in fusion I hor 14 dav s. Recoin-
iron. I ollowing incubation, the cells containing carbiony I iron were bitoatot hutotat (i NI-( SF xxxs well tolerated arid nio) wstetmtc
remosed bv a struong toagnefte field. r-he rentatning monocs ic-dc- i~ii\\a o-e)c vrtedwrne'ILIdIO,
pleted cellk weres ed,, i~c 0orese tocophck- tri direct ipionninighi 2 o tat o
usinganti Fhv I motnoclonal antibods fno-b) l0-2i-7 112]I Protein %okdll1CdICtohlC~' .ihn2 to'satn

\-'sepbarose-pifid no - 1 1-20-7 wkas diluted with phoosphafe- floe infutsion ( ig. 2a). Its dax 14 icitruoplil ciount,, reacd
huttered saline pPiS ol 7 21 fto a fitnal conicentration Of sol o '. nol c-% tlxflat sxere three to six tittles, higher than the pri-inluston
,ix ml if noAh contaitoing PBS we-re pipcttrd itii 't S-ctto cktntv-u- cOiJiuit atnd t1Ois Of titk ionfriol chog% ri-cts n, c-ithoer tol-
neck t taslks (( ommng, ( oroitig Newk York) and incubated for 1Ht tii 1losII~L~o fM" l ua ri -bni e
at 4"( flasks kwere theni genis kashed tise tittics kith kilctiiir -an)d txtsixiouso i ) go ononsrm<btot e
magnesium -free PBS M\arriiw ((-115skwerc suspttiled in calt t- intd kg. dils f0r 14 la % s (ranItge I n diic-a tdch 1 to lhoriziontal litne%)
roiaviesiiioifree Flanks* suilution (6tM ( f)cototainitg 'H1 ,g Iff ft Or 1i 0 iig heat-1iactis ated hI( ' k--( S I peCr kg. clas. Tie tMAI-
((,Ili( I)) and "no I( N at a kcrltratio of 1 - I( M\) rt) I t tows itt ItI N-) S1 r~tcal iofsiiti ia\ 14\wire OsperceIIlltir
to I () \1N M i-re tocubated in ea-_:h (asik it -41( hr I h611 iMCIldit\l los I p0Ot InlI'l Q IICL r MIK\tj)I

tithes Alter iletoltim itirrosx sotiiainid 2-' tttoit \ 05 .5 mti- \ltir ilt. ottttitoifliot uit tII N"I-( ,f. floe litcuotriip l coit"

sureil bs rnmotrololog\ I hei etisMeti o( I -llntt'ls \i Wiktui "-IIIin%,s ICitritd tio c itoil ccIs ss tht 1111 i1bi% s \'klii-et l)t1O-
ufeteuttoined hs incubating tntori icils iiiilh tti'\ I 5Ih i0 t 55)- b~l iti1ltsIkTctaseLd at i.111 iii~ie ii)C tO i -d NIto

uratiion for 310 oin at 4'( 1 toe (-ts1 kcrc- tOen sslIn d Ili, (0-, d thuL1 Of W sa toteCx u tito \t IC 11d I1% tltiii() \ 1C k Oioutts
with a 1 21 imlution or f ltitsicun imsoio( %uiustc-, uonig-iieu lil (.1
fragmtents tl gio atnliuse% lg( I t IAgo. tliul)'totv- all sureo 1oi,ttC1 keull IC. i eae)lilut - indl 1%i0- f0 lout11'lsd. is'-

.Alter further kt..shun. ii , e i- Are inilses 1 istu a1 ites cs (i O Oih it1 Ithe Is ii lrhei l o "N- I uoces(I tO,
tikated (ell surfer (F A( k; 44H1. llcton l)iintoon I .5)N 's-tsk 'h ,ttd iI utOipltil111 11)(I ICli UIil \ IC CuUWIit ktild lte ou-
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I able I. ~ii m ulat ion of an inc ( 1-I *( Al colons (urination hs rh( NI -( SF

(l-1-GNI I) NINI

II) 1(1 5 I l S II) I) S II)
No gml ~n1( ginl ginl gin) gml gml
(NI- (;NI- GM. GM- GM- (NI- GM- (Al-

SF (SF (SF (NI (SE ( SI> ( SF (SF 0'o Feds

Rahhii 0(iNI-(SFplusGNI-(SF 9 4 ii 3 21 -~ IS. Il - n 53 6-li 13-4 -

Heat-inacti~aied (iNI-( SF
hlC0~(3Uminf '4-4 

3 jul 13:4 11-3 l'-~ M-4 5-3 6~4 -

NING (3 I0~ plate) depleted ol monoewes and T-lxmphocstes ~scre cultured for IC) days in agar medium without and with rh(1N1-CSF at
decreasing concentrattons Cultures 'Acre plated in triplicate. (olon\ nutnhe~s represent mean salue : I SD. Feds. postendotoxin dog serum;
uGNI-CSF. anti (iNI-(SF antiserum.
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fig. 2. F (cci it continuous 114 day) i '. infusion of rhG NI -( SF on peripheral hlood neutrophils a. nionoQ tes i hi, l~ mphoe~ tes (ci. and
platelets (di of tour normal dogs Recoinhinant human (iNI-(SF 'Aas gisen at 10 01.30 (Hi. or Ni) (At ~g kg da~ A control dog reccised 3(3
,~g hcat-ina~ ii' ated I' iPf 30 nun) rhGNI-(iSF per kg da~ i.l~ The tv.o hori:oia/ louis indicate ihe range ut the peripheral hioud counts of
.1 control dog gis en continuous i intusion of Ill ~ human serum albumin per kg da~ br 14 das s. 1 hi-pen ~a'ieh'i in d represent the
platelet (I lofts of a con triul dog receis ing conti nuuiiis i saline in lusion (or 14 da~ s. the pc't urchi represent the platelet counts of a control
reici sing a intinuOus i unfusiiun of lii u~g human serum alhuntin per kg da\ or 14 da\ s~

crtts during rhG NI -( SF infusion 'Acre similar to the prein- fusion les els. Ils coin pat iSOfl. the platelet counts of a saline

lustori les els and the Ic'S els in the ciintrol ougs recet etog control remained s frtuall\ unchanged. ss hereas the ouns of
human serum album in cir beat-inactis ated rh( ; NI -(SF (data a human serum album irt ciuntrol decreased after II) das s itt

not shossn~ intuision to abiutit I 00.11011 the ciuntriil dog recets ing heat-

The three dogs receiving actis c rb( NI-( 5f: shossed de- inactivated rh( i NI-f SF also bad a decrease of pl;i' *ts to

cltnes tn platelet citunts ith nadirs ranging from 5(101) to about 11)0(1)0 mm. hut his decrease occurred 4 das s after
15.00(1 mm I Fig. 2d I. A tier d iscrtnt t nutng the t ri fusion of rh( NI -( S F in lustori. Hiutie marrow h istolog~ on tta\ I 4 of
rh( NI-(SF. platelet counts tocreased rapidly above prein- rh(,NI -( SF nfosiott sbo'Aed normal number and miirphol-
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Fig. 3. Effect of intermittent (three times a da%) s c. injection (14 dlass) of rhG.M,-('SF on peripheral blood necutrophils (a). monoc~tes (bi.
lymphocytes (c), and platclets Wdiof two normal dogs. Recombinant humanG %1 ASF was giv en at 30 W or iSO (A I g, kg, day. For comparison.
the results seen in a dog receiving 30 mg kg. day rh(.IM-('SF b% continuous iv. infusion are show'n (0l. The 1swo /z,'rtontal /tris indicate the
range of the penipheral blood counts of a control dog given continuous i.%. infusion of 10 Ag human serum albumin per kg day for 14 da~s.
'The open triangles in d represent the platelet counts of a control dog receiving continuous iv. saline infusion I-or 14 dabs.

ogy of megakarsNoc,,tes. Preliminary results of platelet sur- control (Fig. 3a), and monocvtc and 1I mphocte counts were
vival studies using ''Cr-labeled autologous platelets suggest increased fivefold and .urfold. respectively (Fig- 3b and c:
that platelet surviv al is decreased to 50%o of normal in the data from the second dog were similar and are not showAn).
first sweek after starting rhGMI-C'SF inf usion, compared to Compared to results obtained h\, continuous iv. infusion of'
normal survtval times in dogs given saline or human serum 30 mg rhGNI-('SF pier Kg das., the intermittent s.c. injection
a lb unin. of the same amount of'rh(iNI-(SF scemed toube less ellectixe

in stimulating peripheral blood count% (Fig. 3a-c.

.",tdtlopl (d he'oarotftIsM M dfs i Platelet counts decreased to onl% about I Obbi il mm ",hen

tPitfrmliftcei( s.c. injt/i(on of rh(I- ( .';1- 301 pg, kg da\ of rh( MI-( SF %\as givsen s.c. NI ig. 3d) \%ssith a
dose of' I Xi) Jg kg, da, '. platelets declined t 10.01300 mm',

One dog \%as treated wtlh 30 mg rh( 1N-CSF per kg day and similar to %% hat \kit% seen oih continuous i., . inlusion of 30
two (logs received 1S0 pg rhG\I-C SF per kv d a% by inter- ug. Kg daN.
mittent s.c, injections three times a day 1 or 14 da~s. The s.c.
administration of rh(INM-CSF was well tolerated and no s s- Dsuso
temnic toxicity was obsersed over the dose range studied.
Recombinant human (3A1-CSF at a dose of 30 pg, kg da\ s%.c. This studl, sltosss that I h( N*1-( S1 stimulates Canine hemia-
increased the necutroph il counts tw ofold com pa red to the iopoiesis in sit ro as \% ell as in \ ii. Recomina mnt human
preinfusion counts and those of a control dog receiving I() GMNI-CSF increased ( t ( N olon\ formnation of cam 1ne
pug human serum albumin per kg da, lb continuous i.\. in- mnarrowv depleted 01f accessorN i clls. suggestinog that rh( NI -

fusion for 14 da s (range indicated li two hori.'ontal litne%) (SI_ acts direclk on canine ( 1 (N.Stimtulation of caine
(Fig. 3a). Monoc~te and l~mphoc~te counts wvere nt in- CFt .I f( 1 %1 h,, rlti~( I SF~ scets to tie specific bcause tw-
creased (Fig. 3b and c). An s.c. dose of 1811 pg rh( ,NI-( SI t ra) iation with) rabbit ant serumi iit ectcl againOst rh( NI1 -(N.

per kg, day increased the number of neutrophils (isetuld abos e as w.sell as heaC inat MVCaI~ln a~brogated the iimuao"Ca -
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pacify of the growth factor. Endotoxin as a possible cause of cause platelets increased alter discoitinuing rh(i1%-( SF in-
colon, stimulation is unlikels because the (iM-(.SF used Aas fusion rapidl abos e preinfusion le'. els. it sens unlikel, that
endotoxin free. the thromboc., topcnia kas caused h% a delicient platelet pro-

Infusion of rhGI-('Sf into dogs resulted first in a fast. ductuon in the niarro k. Preliminar, experiments showed a
but transient, eleN ation oi neutrophil counts beginning 24 h decreased sur,. ixal ol "f(r-labeled autologous platclets fol-
after starting infusion. This initial increase was most ikcl. los ing infusion of rh( ,M-(f: -1 i he tause of this complica-
due to demargination or release of mature cells from the tion is currentl, unclear.
marrow [15J. It was followed 5y a gradual and sustained 1lie cFect o1 rh(IM--SF on platelet counts in man is un-
increase in circulating neutrophils during the 2-wAeek treat- clear and ma, depend on the clinical situation. but severe
ment period consistent wkith increased production ofneutro- thromboc.topenia seems to be an exceptional complication.
phils in response to rhG,-SF. TiN , v, con- v adhan-Rat ct al. reported that three of eight patients with
firmed by the finding of increased bone marrow cellularity myvelod.,splastic syndrome treated %kith rhGM-CSF showed
with myeloid hyperplasia and left-shifted granulocylopotests increases in platelet counts, whereas two patients had tran-
on day 14 of treatment with the factor. After discontinuation sient decreases [I 5]. Anon et al. did not observe any effect
of rhGM-CSF, the neutrophils returned to baseline level on platelet counts when treating patients with aplastic anemia
within 3-7 days, indicating that the effect of rhGM-CSF is or myelodvsplastic syndrome with rhGM-CSF [19]. Simi-
only transient. At higher dosages rhGM-CSF stimulated larly. (roopman et al. did not see any changes in platelet
lymphoid progenitor cells. Because lymphoid cells have been counts in leukopenic AIDS patients receiving rhGM-C'SF
reported to lack receptors for rhGM-CSF [16]. t.:is stimu- (201. In contrast. Antman et al. reported that in patients with
lation is likely to be mediated through accessory cells. Pe- sarcoma and normal peripheral leukocyte and platelet counts,
ripheral monocyte counts were also increased by rhGM-(CSF platelet counts decreased dunng treatment with rhGM-CSF
whereas no elevations ofeosinophil, reticulocyte, and platelet [221. A patient treated with rhG M-CSF because of poor en-
counts were seen. rhGM-CSF also stimulated hematopoiesis graftment after autologous marrow transplantation for
when given by intermittent s.c. injection, although s.c. doses nonHodgkin's lymphoma developed diffuse thrombocyto-
needed to obtain given elevation in neutrophil levels were penic bleedingduring the infusion ofrhGM-CSF that stopped
higher than i.v. doses. when rhGM-C'SF infusion was discontinued (S. Slichter. per-

The stimulatory activity of rhGM-CSF in dogs showed sonal communication). Brandt et al. described no consistent
similarities with but also differences from that in nonhuman effect ofrhGl-('SFon platelet counts in patients with breast
primates [17] and in mice [18]. Leukocyte counts both in cancer or m',eloma treated with high-dose combination
dogs and monkeys reached levels up to six times above con- chemotherapy and autologous bone marrow transplantation
trols. mainly due to increases in neutrophils. However, co- support [251. Nemunailis e, Al. observed in a retrospective
sinophil counts remained unchanged in dogs, but were in- comparison accelerated recovers, of platelet counts after au-
creased up to 30-fold in monkeys. After rhGM-CSF infusion tologous marrow transplantation for l.mphotd malignancies
\,as stopped, peripheral leukocyte counts in dogs returned to when rhGM-CSF vas given 126]. Accelerated platelet recov-
coiitrol level within 3-7 da.,s, similar to results in monkeys. cry with rhGM-CSF was also described in two reports on
Mice injected i.p. with recombinant murine GM-CSF de- monke.s transplanted with autologous marrow [23, 24].
veloped only a twofold increase in blood neutrophils [18]. In summar., we ha,'z shown that rhGM-CSF cross-reacts
In contrast, a 10- to 100-fold rise of neutrophils and cosin- with canine hematopoictic progenitor cells. It stimulates in
ophils and an up to I5-fold increase of macrophage counts vitro CFU-GM colony lormation specifically through direct
in the peritoneal cavit was seen. Neutrophilsand monocstes stimulation of canine hematopoietic progenitor cells. Recom-
were also increased in liver, lung. and spleen, whereas the binant human (UM-CSF also stimulates in vivo canine he-
number of myeloid cells in the bone marrow remained un- matopoiesis both vhen given as continuous i.v. infusion and
changed. The effect of GM-CSF on murne hematopoiesis as intermittent s.c. inlections.
seems to he different from the one observed in monke.s and
dogs. This ma\ be due to the i.p. route of administration.

Recombinant human (M-CSF increases peripheral blood ..\cknosledgments
neutrophils. cosinophils. and monocytes in c,,topenic pa- We thank Beserl, Torok-Storb Ior helpful advice and discussion.
tients with m\elodysplasttc s.nditoni, 15, 19]. aplastic anc- hcm-ll Slichier for measuring platelet surv.al times. Nelin B.
mia [19]. acquired immunodeficienc,, syndrome (AIDS) [20]. Dennis. Jr for pro\ iding central venous catheters. Mabel Graham

for seAing the dog jackets holding the infusion pumps. Rohert RafT,and primars or secondary biine marrow failure [211. In some Ra, (olb, (;reg l)as is. the technicians of the hmatc!og'., pathol-
of these patients an improvement of -eticulocyte and platelet og.'. and bacteriolog, laboratories, and Lon Ausburn lor excellent
counts was also observed [I 5. 19. 21]. although this was not technical assistance. We are indebted to Immunex Corporation.
a consistent finding. Recombinant hunan (I;f-(SF also Roehrig-Pf er 'harmaceuticals INew ork. New York). and Britol

I ahorationes(S.racue. New York) for their generous gifts of rhG M-shortens the period of neutropcnia after chcriothcrap,-in- ( :S. antI-rh(i%1-( SF antiserum. (icopen. and amikacin. This ,,ork
duced mnielosuppression [221 and alter auiologous marrow ,,a, suppiirted in part h', grants (A 15 704. (A 15,;1(5. (A 18221.
transplantation in nonhuman primates (23. 24] and in man and (.A 317h7 aAarded h. the National Cancer Institute. h, grant
[25. 26). M [ 36444 awarded h, the National Fleart. 1.ung and Btlood Institute.National Institutes of F Fealth. I )epartment of F lealib and Ft uman

,With both continuous i.v. as \%ell as intermittent s.c. ap-
Sers ices, and b the Armed IForces Radiohiolog, Research Institute.plicatton of rh(i %1-(SF:. we observed a rapid drop of platelet Ielcknse Nuclear Agency. under contract I)N.\-01 -S6( .1)192. Views

counts in dogs. Behcause bone marrow,, histiilogv showed nor- presented in this paper arc those of the authors, no endorsement b\
mal numbers and marphology of mcgakar.ocstes and be- the l)c k'nse Nuclear Agency has been gien or should he inte'rred
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Research was conducted according to the principles enunciated in 14. Schucning F. Storh R, Goehie S. Meyer J. Giraham T. Deeg Hi.
the Guide for Mhe Care and Use oIfLuborazorv.-lni,,ios prepared by Pesando J (1I9X7) Canine pluripoient hematopoietic stem cells
the Institute of Laborator-, Animal Resources of the National Acad- and ( FI:-(M cspress la-like antigens as rccogniied by two
ems of Sciences, National Research Council. dilkrcrnt ciass ll-specific monoclonal antibodies. Blood 69:165

15. Vadhan-Raj S. Kea!!ng %1. LeMaistre A. Hittelman WN.
McCredie K. Trujillo 151f. lBroxmre~er HE. Henne% C. (Gutter-
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Letter to the Editor

Response to: 'Are solitons responsible for energy transfer in
oriented DNA?'

Experiments by Arroyo et al. (1986) indicated that free radical yields in oriented
I)NA exposed to neutrons depend on the orientation of the 1)NA molecules relative
to the direction of the incident radiation flux. This effect could be explained
provided a large asymmetry in the transport of energy existed in the oriented DNA
sample (Miller et al. 1988).

Quantitative calculations assumed an asymmetry of a thousand for the ratio of
parallel to perpendicular transport. Although, the carrier of this excess energy was
not identified, Monte Carlo calculations predicted an average energy migration
distance of the order of 50 to 150 nm. Baverstock and Cundall (1989) have recently
suggested that the carrier could be a soliton-like state since these quasi particles
have been shown to exist in other polymeric systems and are known to transfer
energy without loss over large distances (Ileeger et al. 1988). There is no direct

experimental evidence supporting this view; nevertheless, it is an attractive hvpo-
thesis since singlet and triplet exciton migration within the DNA is probably
limited to at most 10 30 base pairs due to the effects of diagonal disorder and their
short lifetime.

Several experiments support the latter contention. We note that the fluorescence
of double stranded DNA at 77K is considerably red-shifted and broadened as
compared to that observed in the corresponding mixtures of mononucleotides
(Eisinger and Lamola 1971) and is ascribed to exciplex formation between neigh-
boring stacked bases. Since exciplexes have lower energy than individual bases their
energy cannot be transferred to other bases; hence, the excited singlet state is
trapped. Exciplex formation is a rapid process, estimated to be the order of 10i2s -

(Birks 1970), and thus any singlet transfer of energy must occur prior to relaxation.
The maximum singlet transfer distance, d,, can be estimated from the relationship,

d 2 = 2Fa2 t_, where F is the nearest neighbour F6rster transfer rate, presumably the
order of 1013 S- I if transfer is to occur before exciplex formation, a is the neighbour
base pair stacking distance; 0-34 nm in B-I)NA and t- is the trapping time, the order
of the exciplex formation time _10- 12s; hence, d,- I5 nm. Transfer distances

this short are consistent with reported data on thymine phosphorescence (Ip) at 77K
as a function of adenine-thymine (A-T) content, which demonstrated that the
linear dependence of lPI on n (n the number of base pairs) could only be
reconciled with singlet before relaxation transfer because only excitations trapped
on A-T sites give rise to the thymine triplet; whereas, sit glet states on guanine-
cystosine ((;-C) sites are rapidly quenched (Guhron and Shulman 1968).

The probability of energy transfer in the DNA triplet state has been discussed
by Eisinger and Lamola (1971), Gu~ron and Shulman (1968) and others. For our
purpose we note here that the most definitive experimental evidence for triplet
migration is the quenching of I)NA phosphorescence by metal ions (Isenberg et al.
1967). From such experiments it has been inferred that the number of bases
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quenched by Ni- Co 2 ' , and .1n 2  ions are 17, 14 and 10, respectivelv. These

values correspond to transfer distances of approximately 1-5, 1.2, and 0.8nm,
respectively and are somewhat larger than those calculated theoretically by
Forster's equation (Pope and Swvenberg 1982). For this reason the data are
currently taken to be indicative of triplet base to base migration as opposed to a
single Forster transfer. These experimental results and other (see H t'len& 1973)
strongly support our contention that excitation migration in I)NA of heterogeneous
base composition is short range; this is in contrast to the very efficient energy
migration for triplet states in both polyadenylic acid and in adenosine afgregates
(Hdelne 1973).

Charge transport through the stacked 1)NA bases, estimated by Van Lith et al.
1986) to be of the order of 9 nm, or along the phosphate-sugar backbone is also

not sufficient to explain transport over distances large enough to account for the
enhancement in the Ti[ radical formation at 77K for parallel irradiation configur-
ation relative to that observed in the perpendicular configuration. Experimental data
do support the possibility of long-range charge transport within the structured
hydration layer of DNA. Based on radiation-induced conductivity of wet DNA
samples, Van IAth et al. (1986) concluded that excess electrons in hydrated DNA
have a mobility comparable to highly mobile conduction-band electrons in pure ice
(25 cm 2 v\-I s I) and a considerably longer lifetime, which implies migration
distances in excess of 100nm. Furthermore, by using the narrow-band polaron
model (Roberts et al. 1980) to extrapolate data on proton mobilities in ice (Keinst
and Warman 1983) to lower temperature, we estimate that proton mobility in the
hydration layer of DNA should be between 0.1 and 1 cm 2 V -1 s- ' at 77K. To
achieve a root mean square displacement of 100nm, protons with mobility in this
range would require lifetimes between 4 and 40ns. Since lifetimes of this magni-
tude are consistent with existing data on trappiiw -ates for electrons and protons in
ice (de Haas et al. 1983) proton migration in the hydration layer of DNA is a
mechanism to explain the orientation dependence on TH" yields that is worthy of
further investigation.

An alternative mechanism that we are considering is the transport of vibrational
and rotational energy along 1)NA chains bv solitary wave motion. These collective
states have been inyoked to explain the hydrogen-deuterium exchange reaction of
double helical-polynucleotides (Nakanishi and Tsuboi 1978, Teitelbaum and
Englander 1975). It may be difficult to reconcile this model with recent observ-
ations (Benight el al. 1988) of base-pair specificity in exchange rates and activation
energies; however, these data are consistent with a spatially-extended exchanging
state. As a first approximation one might consider the configuration formed by the
partial unwinding of the DNA helix over a few base pairs as a solitary excitation.
Estimates of their lowest energy (E,), size (L 0 ) and velocity (v) have been inferred
by Yomosa (1984) by comparison of a model Hamiltonian calculation with the
temperature dependence of the equilibrium constant for hydrogen-deuterium
exchange. Hlis results, which includes hvdrogen base pair interactions and stacking
energies, give E)=0.35eV, an energy sufficient for thymine anion protonation,
L, = 10 base pairs which demonstrates the non-local character of this excited mode
and 7-=83 x IO cm/s, a value less than the velocity of sound in DNA (Htakim et al.
1984). In our model for the formation of TH. radicals in the parallel irradiation
configuration (Miller et al. 1988), the radiation-induced thermal spike has a lifetime
of approximately I ns, a value considerably shorter than the measured open state



Letter to the Editor 385

lifetime of I0- 's reported by (Gueron et at. (1987). A I ns lifetime gives a migration

distance of 83 nm for the solitary wave; a distance consistent with that calculated by
Monte Carlo simulation of the pattern of energy deposition events. Although
Yamosa's model of open states does not include the DNA backbone bending energy
(Ramstein and Lavery 1988), we feel that it does provide reasonable estimates for
the inferred parameters quoted above.

'We also note that the proton transport mechanism discussed above can be

viewed as solitary wNave motion in a hydrogen-bonded network (Pnevmatikos 1988).

Hence, as Baverstock and Cundall (1989) suggest, the soliton concept may provide
new insight into energy and charge transport that are important for understanding
DNA damage by ionizing radiation. lowever, more conventional theories like the
narrow-band polaron model may be adequate to explain the unusual observations
reported by Arroyo et al. (1986). We fully agree with Baverstock and Cundall that
ample experimental data exist to question the conventional wisdom that radiation
damage in living matter is localized at the initial site of energy deposition.
Understanding the extent to which solitary wave motion contributes to delocaliz-
ation will require further research with carefully selected model systems.
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